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SYNTHETIC METHODS FOR PREPARING activity is elicited by pentamcric through decameric 

PROCYANIDIN OLIGOMERS procyanidins, but not by monomers through tetrameric com- 
pounds. Currently, gram quantities of pure (>95%) pentamer 
are obtained by lime-consuming methods. These methods 

FIEI D OF INVENTION < are not satisfactory for obtaining sufficient quantities of the 

pentamer for large scale pharmacological and bioavailability 

This invention relates to synthetic procyanidin oligomers studies. Even greater eJTort is required to obtain multi-gram 

aod methods for making and using the oligomers. quantities of higher oligomers (hexamers through decamers) 

for similar studies since their concentration in the natural 

BACKGROUND OF THE INVENTION product is much less than the penlamer. Additionally, 

, , c , i€ increasing oligomeric size increases structural complexity. 

Polyphenols are a highly diverse group of compounds Factors such ^ the chirality of the monomeric units com- 

(Ferreira^D.^Sieynberg.LP Roux ? D G. and Brandt, E V, prising lhe oIigomer at different interflavan linkage sites, 

Tetrahedron, 48 (10), 1743-1803 (1992)) which widely dynamic rotational isomerization of the interflavan bonds, 

occur in a variety of plants, some of which enter into the conformational states of the pyran ring, and the multiple 

food chain. In some cases they represent an important class points of bonding at oucleophilic centers pose efficiency 

of compounds for the human diet. Although some of the 35 constraints on current analytical methods of separation and 

polyphenols are considered to be non-nutritive, interest in purification for subsequent identification, 

these compounds has increased because of their possible For instance, previous attempts to couple monomeric 

beneficial effects on health, units in free phenolic form using mineral acid as the catalyst 

For instance, querceiin has been shown to possess ami- in aqueous media have met with limited success. The yields 

carcinogenic activity in experimental animal studies 20 were low, the reactions proceeded with poor selectivity, and 

(Decshner, E. E., Ruperto, J., Wong, G. and Newmark, H, L., the oligomers were difficult to isolate. (Stynberg, R J,, Nel, 

Carcinogenesis, 7, 1193-1196 (1991) and Kato, R., R. J., and Ferreira, D., Tetrahedron, 54, 8153-8158 (1998); 

Nakadate, T., Yamamoto, S. and Sugimura, T., Botha, I X, Young, D. A., Ferreira, E, and Roux, D. J, J., J. 

Carcinogenesis, 4, 1301-1305 (1983)). (+)-Catechin and Chem, Soc. f Perkins Trans. /, 1213-1219 (1981)). . 

(-)-epicatechin have been shown to inhibit leukemia virus 25 Benzylated monomers have been prepared by methods 

reverse transcriptase activity (Chu, S.-G, Hsieh, Y.-S. and described by Kawamoto, H., Nakatsubo, F. and Murkami K,, 

Lim,J.-Y.,J. of Natural Products, 55 (2), 179-183, (1992)). Mokuzai Gaktashttl, 741-747 (1991) where benzyl bro- 

Nobatanin (an oligomeric hydrolyzable tannin) has also rnide was used in combination with potassium carbonate 

been shown to possess anti-tumor activity (Okuda, T, (K^C0 5 ), aod dimethyl formamide (DMF), The yield, 

Yoshida, T, and Hatano T T, Molecular Structures and Phar- 30 however, was only about 40%. In addition, competing 

macological Activities of Polyphenols — Oligomeric Hydro- C-benzylation leads to a mixture of products which makes 

lyzable Tannins and Others — Presented at the XVI th Inter- isolation of the target monomer more difficult. Also, partial 

national Conference of the Group Polyphenols, Lisbon, racemization of (+)-catechio at both the C-2 and 03 posi- 

Fortugal, July 13-16, 1992). Statistical reports have also lions was observed (Pierre, M.-C. et al. s Tetrahedron Letters? 

shown that stomach cancer mortality is significantly lower in 38: 32, 5639-5642 (1997)). 

the tea-producing districts of Japan, Epigallocatechin gallate 35 Two primary methods for oxidative functionalizaiion are 

has been reported to be the pharmacologically active mate- taught in the literature (Betts, M. J., Brown, B. R. and Shaw, 

rial in green tea that inhibits mouse skin tumors (Okuda et M R., J. Chem. Soc., C. 1178 (1969); Steenkamp, J, A., 

aL, Ibid.). Ellagic acid has also been shown to possess Ferreira, D. and Roux, D. J., Tetrahedron Lett., 26, 

anticarcinogen activity in various animal tumor models 3045-3048 (1985)). In the older method, protected (*)~ 

(Boukharta, M„ Jalbert, G, and Castonguay, A., Efficacy of 40 catecbin was treated with lead tetraacetate (LTA) in benzene 

Ellagitannins and Ellagic Acid as Cancer Chemopreventic to produce the 4p-acetoxy derivative which was then sue- 

Agents— Presented at the XVHh International Conference of cessfully hydrolyzed to the 3,4-dioL Flavan-3,4-diols are 

the Group Polyphenols, Lisbon, Portugal, July 13-16, incipient electrophiles in the biomimmetic synthesis of 

1992). Proanthocyaoidin oligomers have been patented by procyanidins. However, flavan 3,4-diols which have an 

the Kikkoman Corporauon for use as antimutagens. The use 45 oxygen functionality at the C~5 position are not available 

of phenolic compounds in foods and their modulation of from natural sources and have to be synthesized. Oxidative 

tumor development in experimental animal models has been functionalization of the prochiral benzylic position to form 

recently presented a! the 202'^ National Meeting of the the 3,4-diols thus offers considerable potential in the syn- 

American Chemical Society (Phenolic Compounds in Foods thesis of procyanidins. The major drawback of this reaction 

and Their Effects on Health I, Analysis, Occurrence & 5Q was a low yield (30-36%) of the acetate during the LTA 

Chemistry, Ho, C.-T, Lee, C Y and Huang, M.-T. editors, oxidation. The more recent method of oxidatively function- 

ACS Symposium Series 506, American Chemical Society, arizing the C-4 position relies on the use of 2,3-dtchloro-5, 

Washington, DC. (1992); Phenolic Compounds in Foods 6-dicyano-l,4-benzoquinone (DDQ), la this method, the 

and Their Effects on Health II. Antioxidants & Cancer protected monomer was treated with DDQ in methanol. This 

Prevention, Huang, M.-T., Ho, C.-T and Lee, C Y. editors, allows introduction of a methoxy group at the C-4 position 

ACS Symposium Series 506, American Chemical Society, 55 in a slereospeciflc manner. The yield is about 40-50%. 

Washington, DC (1992)). There are a number of reports on the coupling reaction 

However, these citations do not relate to cocoa extracts or between monomers and their 3,4-diols in aqueous acid, 

compounds therefrom or to any methods for preparing such These methods are unsatisfactory because of low yields, lack 

extracts or compounds therefrom, or to any of the uses of specificity, and difficulty in the purification from aqueous 

described in U.S. Pat. No. 5,554,645 issued Sep. 10, 1996 to 60 media. Kawamoto, H., Nakatsubo, R and Murakami, K,, X 

Romanczyk et ah, U.S. Pat. No. 5,712,305 issued Jan. 27, of Wood Chem. Tech.* 9, 35-52 (1989) report the titanium 

1998 to Romanczyk et al. t and U.S. Pat. No. 5,650,432 tetrachloride (TiCl 4 ) mediated coupling between 4-hydroxyl 

issued Jul. 22, 1997 to Walker et al. tetra-0 -benzyl (*) -catechin and 5 equivalents (eq) of tetra- 

Isolation, separation, purification, and identification O-benzyl (+)-caiechin to produce a 3:2 mixture of 4a— 8 

methods have been established for the recovery of a range of and 40p-*8 dimers. 

procyanidin oligomers for comparative in vitro and in vivo Hence, there is a need for synthesis methods which 

assessment of biological activities. For instance, anti-cancer provide large quantities of structurally defined oligomers for 
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in vitro and in vivo assessment. Such synthesis methods can 
lead to the creation of multiple configuralional oligomers, 
some identical to those found in nature , as well as rare or 
"unnatural" types. Accordingly, it would be advantageous to 
develop a versatile synthetic process capable of providing 5 
large quantities of any desired procyanidin oligomer. 

SUMMARY OF THE INVENTION 

A process for the preparation of a partially protected 
procyanidin dimer is provided. It comprises the steps of: 30 

(a) protecting each phenolic hydroxyl group of a catechin 
monomer or epicatechin monomer with a removable 
protecting group which does not deactivate the A ring 
of the monomer, wherein the protecting step is carried 
out in an aprotic solvent; 15 

(b) optionally blocking the C-8 position of the monomer 
of step (a) with a halo group; 

(c) activating the monomer of step (a) or step (b) by 
introducing an acyloxy group al the C-4 position using 

a lead (IV) salt of an organic acid; and £0 

(d) catalytically coupling the monomer of step (c) with an 
unprotecied catecbin monomer or an unproteted epi- 
catechin monomer to form the dimer. 

A process is also provided for the preparation of a linear 
procyanidin oligomer having (4^*8) linkages. It comprises 25 
the steps of: 

(a) preparing a partially protected procyanidin dimer, 
where the phenolic hydroxyl groups of the top mer are 
protected with a removable protecting group which 
does not deactivate the A ring of the protected mer; 30 

(b) masking the dimer of step (a) to form a dimer where 
the phenolic hydroxyl groups of the top mer are 
protected, where the phenolic hydroxy! groups of the 
bottom mer are masked, and where the hydroxyl groups 

at the C-3 positions of the both mers are masked with 35 
a removable masking group which deactivates the 
bottom mer of the masked, protected dimer; 

(c) deprotecting the dimer of step (b) to form a 
deprotected, masked dimer where the phenolic 
hydroxyl groups of the top mer are unprotected, where 40 
the phenolic hydroxyl groups of the bottom mer are 
masked, and where the hydroxyl groups at the C-3 
positions of both mers are masked; 

(d) catalytically coupling the dimer of step (c) with a 
protected catechin monomer or a protected epicatechin 45 
monomer having an acyloxy group at he C-4 position 

to form a (4-**) trimer, where the phenolic hydroxyl 
groups of the top mer are protected, where the phenolic 
hydroxyl groups of the middle mer are unprotected, 
where the phenolic hydroxyl groups of the bottom mer 
are masked, and where the hydroxyl groups at the C»3 50 
positions of the middle and bottom mers are masked; 

(e) masking the trimer of step (d) to form a irimer where 
the phenolic hydroxyl groups of the top mer are 
protected, where the phenolic hydroxyl group of the 
middle mer and bottom mer are masked, and where the. 55 
hydroxyl goroups al the C-3 positions of ail the mers 
are masked; 

(f) deprotecting the trimer of step (e) to form a trimer 
where the phenolic hydroxyl groups of the iop mer are 
unprotected, where the phenolic hydroxyl groups of the 60 
middle and bottom mers are masked, and where the 
hydroxyl groups at the C-3 positions of all mers are 
masked; 

(g) catalytically coupling the trimer of step (f) with a 
protected catechin monomer or a proteted epicatechin 65 
monomer having an acyloxy activating group at the C-4 
position to form a (4-*8) tetrarner; and 



(h) optionally repeating the masking, deprotecting, and 
coupling steps fo form a higher oligomer where the 
number of mers are 5 to 18. 

In the following illustrative compounds, P is a protecting 

group, B is a blocking group, and M is a masking group, The 
following compounds are illustrative of a protected procya- 
nidin dimer such as that formed in step (a) above. 




OH 



OH 



The following compounds is illustrative of protected 
masked dimer such as that formed in step (b) above. 




OM 



OM 



The following compounds is illustrative of a deprotected 
masked dimer such as that formed in step (c) above. 



HO, 




OM 



OM 
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The following compounds are illustrative of protected, The following compounds are illustrative of the 
masked, linear trimers, unblocked and blocked protected, masked linear trimers of 

step (d). 



OP 




35 





The following compounds are illustrative of compounds 
35 which result from repeating or alternating steps (a) to (f) to 
prepare higher oligomers wherein the number of mers is 4. 



OP 



po. 




OM 



or 
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A process is also provided for the preparation of branched 
procyanidin oligomers. It comprises the steps of: 

( a) preparing an unblocked or blocked, partially protected 
procyanidin dimer, wherein the phenolic hydroxy! 
groups of the top mer are protected with a removable 40 
protecting group which does not deactivate the A ring 
of the protected mer while the bottom mer has free 
phenolic bydroxyl groups; 

(b) coupling the dimer of step (a) with a unblocked or 4 $ 
blocked, protected, activated procyanidin monomer to 
form a branched trimer; 

(c) deprotecting the trimer of step (b); and ^ 

(d) optionally carrying out one of the following steps in a 
sequential, alternating, or combinational fashion to 
provide procyanidin oligomers having 4 to IS mers 
comprising (4~*8), (4-*6) (6^*4), and/or (8-*4) link- 55 
ages; 

i. coupling the oligomer of step (c) with an unblocked 
or blocked, protected procyanidin monomer; 

60 

u\ masking the oligomer of step (c), deprotecting the 
masked oligomer, and coupling the masked oligomer 
with an ijnprotected or protected, blocked activated 
procyanidin monomer. $5 
The free phenolic forms of the procyanidin dimers, linear 
procyanidin oligomers, or branched procyanidin oligomers 



are obtained by deprotecting the dimer or oligomer and, if 
necessary, de masking and/or deblocking the dimers or the 
oligomers. The dimers or oligomers may contain the same or 
different epicatechin or catechin mers. Preferably n is 5-12, 
more preferably n is 5. In the linear oligomers the linkages 
are (4~>6) or (6-~*4) or are (4-*>8) or (8-*4). In the branched 
oligomers at least one of the linkages is(4~*6) or (6-^4) and 
at least one of the linkages is (4-*8) or (8-*4). 

The protecting groups may be benzyl, p-methoxybenzyl, 
t-butyl, or trityl; benzyl is preferred. An aprotic solvent, e.g., 
dimethylformamide, dimethylacetamide, or dimethyl 
sulfoxide, is used in the protecting step; dimethylacetamide 
is preferred. The acyioxy activating groups are typically 
acetoxy, formyloxy or propionloxy; acetoxy is preferred. 
The activation is carried out using a lead (IV) salt, e,g, lead 
tetraacetate, lead fetraformate, or lead tetraproprionate. 
Preferably, the activating step is carried out also using an 
organic acid which is the same as that used in the preparation 
of the lead salt. Suitable organic acids include formic acid, 
acetic acid, and propionic acid. The preferred solvent for the 
activating step is benzene. The blocking group is a halo 
group, preferably a bromo or an iodo group. The deblocking 
step is carried out with an alkyl lithium, e.g., tert -butyl 
lithium or n-butyl lithium. The demasking step is carried out 
by base hydrolysis. The deprotecting step is carried out by 
hydrogenolysis. 

A doubly branched oligomer having the structure: 
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OH 



can be prepared by a process which comprises the step of: 

(a) protecting each phenolic hydroxy 1 group of a first 
procyanidin monomer with a first removable protecting 
group which does not deactivate the A ring of the ^ 
monomer, wherein the protecting step is carried out in 

an aprotic solvent to provide a protected monomer; 

(b) activating for coupling the CM position of the com- 
pound of step (a) by introducing an acyloxy group 
using a lead salt of an organic acid to provide an 45 
activated, protected monomer; 

(c) coupling the compound of step (b) with an unprotected 
prcyaidin monomer in the presence of a coupling 
catalyst to provide a partially protected dimer; 

(d) masking the dimer of step (c)to provide a masked, 
partially protected dimer; 

(e) deprotecting the masked, partially protected dimer of 
step (d) to provide a masked dimer; 

(f) coupling the masked dimer of step (e) with a 
4j3-aceioxy protected procyanidin monomer to produce 
a trimer; 

(g) coupling me trimer of step (f) with a 4)3-acetoxy 
procyanidin monomer to produce a procyanidin tet- 
ramer; 

(h) demasking the tetramer of step (g); and 

(i) coupling the ielrarner of step (h) with a 4(3-acetoxy 
procyanidin monomer to produce a procyanidin pen- 
tamer. 

Steps to (i) can be repeaSed to produce a multiply 
branched procyanidin oligomer comprising n mers, where n 
is an integer from 6 to 18. 



50 



55 



60 



65 



A process for producing a procyanidin dimer having a 
(8~-*8) linkage is provided, it comprises the steps of: 

(a) reacting a first 8* bromo protected monomer witha 
hexaalkyl distannane in the presence of palladium^ to 
provide a protected monomer-8-trialkyi stannane; 

(b) coupling the compound of step (a) with a second 
9-bromo protected monomer with tetrakis (triphenyi 
phosphine) palladium^ in benzene to produce a (8^*8) 
coupJed dimer; and 

(c) deprotecting the compund of step (b) to produce the 
(8~*8) dimer. 

A process is also provided for producing a procyanidin 
dimer having a (6~*6) linkage The process comprises the 
steps: 

(a) reacting a first 6 -bromo protected monomer with a 
hexaalkyl distannane in the presence of palladium^ tin 
lo provide a protected monomer-6-triaftyl stannane; 

(b) coupling the compound of step (a) with a second 
9-bromo protected monomer with tetrakis (triphenyi 
phosphine) palladium^ in benzene to produce a (6-*6) 
coupled dimer; and 

(c) deprotecting the compond of step (b) to produce the 

dimer. 

A process is also provided for pmdicng a procyanidin 
dimer having a (6->8) linkage, the process comprises the 
steps of; 

(a) reacting a first 6-bromo protected monomer with 
hexaalkyl distannane in the presence of palladium^ to 
provide a rpotected monomer-6-trialkyl stannane; 

(b) coupling the compound of step (a) with a second 
8-bromo protected moomer with tetrakis (triphenyi 
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phosphine) paDadium (<5) in benzene to produce a (6™>8) 
coupled dimer; and 

(c) deprotecting the compound of step (b) to produce the 
(6->8) dimer. 

Process is also provided for producing a procyamdin 
dimer having a (8-*6) linkage. The process comprises the 
steps: 

(a) reacting a first S-bromo protected monomer with a 
hexaalkyl distannane in the presence of palladium^ to 
provide a protected monomer-8-trialkyl stannane; 

(b) coupling the compound of step (a) with a second 
6~bromo protected monomer with tetrakis (triphenyl 
phosphine) palladium^ in benzene io produce a (8-»6) 
coupled dimer; and 

(c) deprotectmg the compound of step (b) to produce the 
(8-*6) dimer. 

The present processes offer important advantages and 
efficiencies over earlier processes for preparing procyanidin ao 
oligomers, these include better yields, better selectivity, and 
easier product isolation. By carrying out the protecting step 
in dimethylacetamide instead of dimethyl formamide, the 
partial and full protection of the henolic hydroxyl groups is 
more readily controlled. 

The present invention further provides crystalline 8- 
brorao-tetra-O'benzyl (-)-epieatechin when dimethylaceta- 
mide is used as the solvent in the protecting step. 

30 



linear oligomers whre n is an integer from 0 to 16 



OH 



10 



15 




OH 



25 



branched oligomers where A and B are independently 
oligomers from 1 to 15 which total 3-18 in final oligomer. 



DETAILED DESCRIPTION OF THE 
INVENTION 

35 

Monomers comprising procyanidins have the structure: 

<> H 40 
OH 



no, 




OH 



45 



50 



HO 




Procyanidins include thos found in cocoa beans obtained 
from Theobromo cacao and various related cocoa specis, as 
well as the genus Herrania and their inter- and ictra-genetic 
crosses. 



Monomers comprising procyanidins include (+)<atechin, 
(-)-epicatecbin and their respective epimers (e.g. (-)- 
catechin and (+)-epicalecbin). 



Synthetic linear and/or branched oligomers having the 
following structures are illustrative of those that can be 
prepared by the abofe process. In the following oligimers o 
is an integer from 0 to 16. 



In the oligomers n is an integer from 2 through 18, 
preferably 3 through 12, more preferably 5 through 12, and 
most preferably 5. The oligomers have interflavan linkages 
of 4-* 6) and and/or (4~~>8). The oligomers prepared by the 

55 inventive process may be represented by the structures 
above. For the linear oligomer, when x is 0 T the oligomer is 
termed a "dimer"; when x is 1 the oligomer is termed a 
"trimer"; when x is 2, the oligomer is termed a "tetramer"; 
when x is 3* the oligomer is termed a "pen tamer"; acd 

60 similar recitations may be designated for oligomers having 
x up to and including 16 and higher, such that when x is 16, 
the oligomer is termed an "ocladecamer." for the branched 
oligomer, when A or B is 1, the oligomer is termed a 
"trimer"; with similar recitations such as those described for 

65 the linear oligomers. 

Stereoisomers of the oligomers are encompassed within 
the scope of the invention. The stereochemistry of the 
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onomers comprising an oligomer can be described io terms 
of their relative stereochemistry, Le. t "alpha/beta" or "els/ 
trans", or in terms of their absolute stewreochemistry, ix., 
"RfS". The term "alpha'^ct) indicates the substituent Is 
oriented below the plane of the flavan ring, whereas the term 
"Ge£a" (p) indicates that the substituem is oriented above the 
plane of the ring. The term u cis" indicates two subsihuents 
are oriented on the same face of the ring, whereas the term 
"trans'* indicates two substituents are oriented on opposite 
faces of the ring. The terms "R" and "S" are used to denote 
the arrangement of the substituents about a stereogenic 
center, based on the ranking of the groups according to the 
atomic number of the atoms directly attached to the stereo- 
genie center (CIP convention). 

There are multiple stereochemical linkages between posi- 
tion C4 of a flavan 3-ol monomer and positions C-6 and C-8 
of the adjacent monomer. The stereochemical linkages 
between monomeric units is designated herein as (4a-*6) or 
(4ji-*6) or (4a-*8) or (4P~*8) for linear oligomers. For 
linkages branched or junction monomer, the stereochemical 
linkages are (6-*4a) or (6-^4(3) or (S^4a) or (8-*4p). 
When (+)-catechin, designated herein as C, is linked to 
another C or to (~)-epicaiechin, designated herein as EC, the 
linkages are advantageously (4a-*6) or (4a~>8). When EC 
is linked to C or another EC, the linkages are advantageously 
(4p-*6) or (4p^8). 

Linear and branched oligomers can be prepared by the 
methods of the present invention using the steps of 
protecting, activating, coupling, masking, blocking, 
deprotecting, demasking and deblocking. In each reaction 
sequence the catechin or epicatechin monomers can be used 
to prepare linear or branched oligomers containing the same 
or different monomers. Higher oligomers can be prepared by 
repeating the coupling of a dimer, trimer, etc, with an 
additional catechin or epicatechin monomer using the above 
steps. 

Examples of the compounds which can be synthesized 
according to the method of the invention include dimers; 

EC-(4f3-*S)-EC and EC-(4|3-*6)-EC 3 wherein EC- 
(4p-*8)-EC is preferred; trimers [EC-(4p~*8)] 2 -EC T 
[EC-(4p-*8)] 2 -C, and [EC-(4p->6)] 2 -EC, wherein 
[EC-(4p~-*8)] 2 -EC is preferred; tetramers [EC- 
(4p^S)] 3 -EC, [FC>(4p-8)] 3 X, and [EC^p^S)^- 
EC-{4p~>6)-C wherein [EC-(4p-*8)] 3 -EC is preferred; 
and pentamers [EC<4p~>8)]<-EC, [EC-(4p-»8)3 3 »EC- 
(4p-6)-EC, [EC<4p->8)] 5 »EC-(4p— 8)-C, and [EC- 
(4p^8)] 3 -EC^(4p^6)-C, wherein [EC<4p^8)] 4 -EC 
is preferred. An example of a branched trimer is 



EC-C4p-*-8>£C 



I 



an example of a branched tetramer is 



[EC-(4^8)) r EC 



4<x)-EC; 



an example of a branched pentamer is 
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Additional compounds which can be synthesized include 
the following: 

(i) a hexamer, wherein one monomer (C or EC) is linked 
to a pentamer compound listed above, e.g., [EC- 
(40p-8)] 5 -EC, [EC-(4()p-8)] 4 -EC-(4p-^6)-EC, [EC- 
(4p-8)] 4 -EC-(4p-6)-C, and [EC-(4p~*8)] 5 -EC- 
(4p-*6>Q wherein [EC-(4p-*8)] 5 -EC is preferred, 
with an example of a branched hexaroer being 



10 



15 
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[EC-(4£-*-8)] 4 -EC 



4£KEQ 



(ii) a heplamer, wherein any combination of two mono- 
mers (C and/or EQ is linked to one of the above 
pentamers, e.g., [EC(40p^8)] 6 -EC, [EC(4p— S)] 5 - 
EC-(40P~*6)-EC, [EC-(4p~*8)] 5 -EC-(4p-*8)-C, and 
[EC-(40p-S)] 5 -EC-(40p-6>C, wherein [EC- 
(4p»>8)] e -EC is preferred with an example of a 
branched heptamer being 



[£C-(4p-^8)3 5 -EC 



(iii) an octamer, wherein any combination of three mono- 
mers (C and/or EC) is linked to one of the above 
pentamers, e.g., [EC-(40p~*8)] 7 -EC, [EC-{4p~*8)] 6 - 
EC-(4j3^6)-EC, [EC-(4p^8)] d -EC<4p-8)-C, [EC- 
(4p-^8)]^EC-(4p->6)-C, wherein [EC-{4p^8)] r EC 
is preferred with an example branched octamer being 



[EC-(4^8)]^EC 



L_ 



(6-~»-4£)-EQ 



(iv) a nonamer, wherein any combination of four mono- 
mers (C and/or EC) is linked to one of the above 
pentamers, e.g r , [EC(4p~>8)] 8 -EC, [EC-(4p~*8)] 7 - 
EC-(4p->6)-EC, [EC<4p-8)] 7 -EC-(4p~*8)-C, [EC- 
(4p^8)] 7 -EC-(4p^o>C, wherein [EC^p—S^-EC 
is preferred with an example of an branched nonamer 
being 



[£C-(4£-*8)}}-EC 



(v) a decamer, wherein any combination of five mono- 
mers (C and/or EC) is linked to one of the above 
pentamers, , e.g., [EC-(4p^8)] 9 -EC, [EC-^p-^)]*- 
EC-(4P— 6>EC, [EC(4p—3)] 8 -EC-(4p~*8)-C, [EC- 
(4p-^8)] 8 -EC-(4p-^6)-C, wherein [EC^p^^-EC 
is preferred with an example of a branched decamer 
being 



!EC-(4p-*-8)3g-EC 



4f}>EC; 



[EO(4(i-*8}]3«EC 



I (6-*- 



4P)-EC. 



(vi) an undecamer, wherein any combination of six mono- 
mers (C and/or EC) is linked to one of the above 
65 pentamers, e.g., [EC-(4p^8)] 10 -EC, [EC-(4p~>8)l>- 
EC-(4p-*6)-EC, [EC<4p-S)] 9 -EC-(4P~*8)-C, [EC- 
(4p->8)] 9 -EC-{4p-6)-C s wherein [EC(4p-8)] 10 -EC 
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is preferred with an example of a branched undecamer compounds which can have different biological activity. For 
being structure-activity studies it would be advantageous to pro- 

vide a series of these oligomers to determine the importance 
[EC-(4p-^s)]ff*EC 0 f regiochenncal linkages to biological activity. For a linear 

I (6 » 4p)-EC 5 tetramer the possible linkages are as follows: 



(vii) a dodecamer, wherein any combination of seven 
monomers (C and/or EC) is linked to one of the above 
pentamers, e.g., [EC-(4(3-8)] n -EC, [EC-(4p->8)] 10 - 
EC-(4p~-6)-EC, [EC-(4j3~*8)] 10 -EC-(4p-*8>C, [EC- 
(4p—8)], 0 -EC<4p->6)-C, wherein [EC-(4p^8)] ir 
EC is preferred with an example of a branched 
dodecamer being 

[EC-(4^S)] j r EC 

I (6— -40>EC 

The aforementioned list of oligomers is illustrative and is 
provided to illustrate the types of compounds that can be 
prepared by the methods of the invention and is not an 
exhaustive lis! of compounds encompassed by the invention. 
The oligomers can be separated and purified by the methods 
disclosed in U.S. Pat. No. 5,554,645 issued Sep. 10, 1976 to 
Romanczyk et al. and U,S. Pat. No, 5,712305 issued Jan, 
27, 1998 to Romanczyk et aL 

One skilled in the art will appreciate the rotation of a 
number of bonds within an oligomer can be restricted due to 
steric hindrance, particularly if the oligomer is substituted, 
such as with benzyl groups. Accordingly, all possible regioi- 
somers and stereoisomers of the compounds prepared by the 
invention are encompassed within the scope of the inven- 
tion. 

DEFINITIONS 

As used herein, a "protecting group" is a removable group 
which replaces the hydrogen of the phenolic hydroxyl 
groups in the procyanidin monomers or oligomers. The 
group should be removable under conditions which do not 
affect the procyanidin oligomers. 

As used herein, a "blocking group** is a removable group 
which directs the coupling by blocking the C-8-position of 
the A ring of a catechin or epicatechin monomer or a 
procyanidin oligomer, thus directing coupling with another 
procyanidin monomer to occur at the C-6 position of the A 
ring. The group should be removable under conditions that 
do not affect the procyanidin oligomer. 

As used herein, a "masking group** is a removable group 
which masks the unprotected phenolic hydroxyl and the C-3 
hydroxyl group(s) of a procyanidin monomer or higher or 
oligomer during the coupling of the dimer or higher oligo- 
mer with another procyanidin monomer. The group should 
be removable under conditions that do not aiect the pro- 
cyanidin oligomer. 

As used herein, an "activating group" is an acyloxy group 
which activates the C-4 position of the C ring of a procya- 
nidin monomer* dimer, or higher oligomer and results in 
coupling with another procyanidin monomer or oligomer at 
that position. 

The term "combinational" used herein refers to the pos- 
sible regiochemical linkage possibilities for preparing any 
given procyanidin oligomer. For instance, a linear procya- 
nidin tetramer can be comprised of (4->S) and (4->6) < 
linkages between the monomers comprising the tetramer. 
For synthesis purposes these iinkages result in separate 
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which necessitate the need for a synthetic procedure to 
prepare 8 different tetramers, each requiring different steps 
for preparation, 

2Q PROTECTING GROUPS 

The protecting groups useful in this invention are electron 
donating moieties that function to activate catechin and 
epicatechin monomers at the C-4 position. In the C-4 
activation reaction, electron donating phenolic protecting 
25 groups function to stabilize, and thereby assist in the for- 
mation of the intermediate C-4 benzylic cation formed by 
oxidation of the protected monomer with a lead (IV) salt. In 
the coupling reaction, an electrophilic aromatic substitution 
reaction, the electron donating phenolic protecting groups 
30 function again to stabilize, and thereby assist in the forma- 
tion of the C-4 benzylic cation by treatment of the C-4 
acyloxy substituted catechin or epicatechin monomer (an 
activated monomer) with a Lewis acid catalyst, la the 
coupling reaction, the electron donating phenolic protecting 
35 groups also function to increase the differences in reactivity 
between the various aryl moieties that may be present in the 
reaction. As described below, unprotected catechin or epi- 
catechin monomers or selected unprotected (deprotected) 
monomeric units of a procyanidin oligomer are used as 
40 nucleophiles in the coupling reaction. The C-4 acyloxy 
substituted, protected catechin or epicatechin monomer, on 
treatment with a Lewis acid, functions as the electrophile. 
The unprotected procyanidins function as nucleophiles 
because they possess higher election densities, that is higher 
45 nucleophiiicities, than the protected procyanidin monomers. 
Any self-coupling between protected procyanidin mono- 
mers is limited due to the comparatively higher nucleophi- 
iicities of protected procyanidins. 
Among the various protecting groups, benzyl groups are 
50 preferred because they are more easily removed under mild 
conditions such as hydrogenolysis. Another advantage of 
benzylation (except, for example, p-niiro benzylation) is that 
it will not deactivate the aromatic ring toward coupling 
when the procyanidin monomers or oligomers are acting as 
55 nucleophiles. Surprisingly and quite unexpectedly, changing 
the aprotic organic solvent used in the protecting step from 
dimethyl formamide (DMF) to dimethyl acetamide (DMA) 
resulted in an increased yield of the protected oligomer, 
perhaps due to the fact that the slightly higher dieiectric 
6Q constant of DMA may be favoring the O-alkylation. The 
yield was at least about 50%, typically about 60% to about 
70%, In addition, no extra clean-up procedures were 
required and the products were readily crystallized, 
Examples 1 and 2 describe the specific conditions for the 
55 preparation of tetra-0-benzy]-(+)-catechin and tetra-O- 
benzyI-(-)-epicatechim Further investigation of the solvent 
system indicated that potassium carbonate (K 2 C0 3 ) was 
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preferred over sodium carbonate (Na 2 C0 3 ) because of its 
solubility within the preferred solvent system. It was found 
that potassium iodide can be used in catalytic amounts in 
combination with benzyl bromide. 

Anoiher useful protecting group for (-)-epicateehin is 
p-methoxy benzyl (PMB) groups. If PMB is selected as a 
protecting group in preparing a partially protected procya- 
nidin dimer, then the protecting step further comprises 
acetylating the procyanidin monomer followed by treatment 
with sodium hydride, PMB-cbloride and DMF in water to 
remove the phenolic acetate groups, resulting in alleviation 
of the phenoxide ions with PMB. When utilizing DMA as 
the solvent in the protecting step, PMB groups should not be 
used, Tetra-G-PMB-(-») epicatechin can be prepared using 
the procedure by Kawamoto, H. T Nakatsubo, R and 
Murakami, K. Synth. Comrnun,, 26, 531-534 (1996). 
Pentaacetyl(-)~epicatechin is first prepared (as described in 
Example 3 below) by treatment with sodium hydride (NaH), 
p-methoxybenzyl chloride (PMB CI), dimethyl formamide 
(DMF) and water in an amount sufficient (4 eq) to generate 
the equivalent amount of base to remove the four phenolic 
acetate groups in succession. The resultant phenoxide ions 
undergo rapid alkylation with the PMBCL Examples 4 and 
5 describe the specific conditions by which penataacetyl 
(+)-catechin and teira-G-p-methoxybenzyl-3-acelyl-(--) epi- 
catechin were prepared. 

The skilled artisan will recognize that other protecting 
groups such as tert-butyl, trityi and 2,4-dimethoxy benzyl 
can be used 

C-4 ACTIVATION 

Altering the LTA reaction conditions to 1:1 benzene:acetic 
acid eventually produced the highest yield (60-70%) and the 
slereospecific 4(3 product. Other useful solvent mixtures 
include benzene, toluene, chlorobenzene, cyclohexane, 
heptane, carbon tetrachloride, or mixtures thereof, admixed 
with an organic acid, which is the same as that used to 
prepare the lead (IV) salt used in the activation reaction. 

The lead salts of organic acids are employed in the 
activation step, e.g. ? lead tetraforroate, lead tetrapropionate, 
and the like. Preferably, the corresponding organic acids, 
Le,, formic and propionic acids, are used in combination 
with the lead salt to improve the yield. The preferred salt is 
lead acetate and the preferred combination is lead tetraac- 
etate and acetic acid. 

Examples 6-9 describe the specific conditions for the 
preparation of 4f3-acetoxy tetra-0-benzyi~(~)-epicatechin, 
4p-hydroxyi tetra-0-benzyH+)-caiechki, 4p-hydroxyl tetra- 
Q-benzyi-(-)-epicatechin, and 4p*acetoxy tetra-O-benzyl- 
(+)-caiechin. 

MASKING GROUPS 

The masking groups useful in this invention are electron 
withdrawing moieties that function to deactivate selected 
monomeric units of procyanidin oligomers in the elector- 
phiiic aromatic substitution coupling reaction described 
hereinbelow. When procyanidin oligomers are used in the 
coupling reaction, it is imperative that an activated monomer 
does not randomly react with different monomeric units of 
the oligomer. Masking groups are used to increase the 
differences in reactivity between the different monomeric 
units of an oligomer Use of electron withdrawing moieties 
as masking groups deactivates the monomeric units of the 
oligomer bearing the masking groups towards coupling with 
an activated, protected monomer. Accordingly, in the pro- 
cess of this invention, an activated monomer selectively 
reacts with an unprotected monomeric unit of a partially 
masked oligomer due to the high reactivity (nucleophilicity) 1 
of the unprotected monomeric unit and the reduced reactiv- 
ity of the masked monomeric units of the oligomer. 
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Masking groups that are useful in the process of this 
invention include acyl groups such as acetyl and propionyl, 
aroyl groups such as benzoyl, carbamate groups such as 
N-pbcnyl carbamate, carbonate groups such as methyl 

5 carbonate, and arylsulfonyi groups such as 2,4- 
riimtrobcnxenesulfonyi. Preferably, the masking group is 
acetyl Masking of unprotected phenolic hydroxy! and C-3 
hydroxy! groups of procyanidin oligomers may be accom- 
plished using any conventional technique for replacing the 

ao hydrogen of the hydroxy Is with suitable masking groups 
such as those identified above. Hie reagents used will 
depend on the masking groups being introduced and are well 
known in the art, 

COUPLING REACTION 

35 

In the process of this invention, the use of a coupling 
catalyst such as a Lewis acid (e.g. lithium bromide) is 
preferred. The use of a 4j3-acetoxy derivative as the etec- 
trophile is also preferred. The selectivity of the coupling 
20 reaction is significantly improved thereby. The use of the Li* 
as a counter ion favored C-alkylation over O-aLkylation. 

When methanol is added to a refluxing methylene cblo* 
ride solution of 4|3-acetoxytetra-0-benzyl«(4')~catecbin and 
LiBr, 4p-meihoxy tetra*0-benzyl-(+)-catecbin is formed in 

25 significantly higher yield (see Example 10). The p stere- 
ochemistry is assigned on the basis of the coupling constant 
of 3-5 Hz between H-3 and H-4 which indicates a cis 
relationship. This reaction does not occur when a halide such 
as LiBr is not employed as the Lewis acid. In this reaction, 

30 the acetoxy is displaced by the halide which then immedi- 
ately reacts with the methanol, acting as a nucleophile, 
thereby driving the reaction to equilibrium. 

It was unexpected that the use of LiBr as the Lewis acid 
would drive the coupling reaction between 4f5-aceloxy tetra- 
35 0-benzy] monomer and another monomer acting as the 
nucleophile, thereby eliminating the step of preparing a 3,4 
diol of the monomer. 

To test this unexpected finding and gain insight into the 
potential application of this reaction, 4p-acetoxy letra-O- 

40 benzyI-(+)-catechin was reacted with (-)-epicatechin in the 
presence of LiBr as described in Example 11. The resuitant 
dimer obtained was 90% pure and the yield was 62%. The 
NMR spectrum indicated one singlet at b 5.85 for 1H and 
a pair of doublets at 6 6.19 and 6.16 each integrating to 1H 

4 5 with a typical m-coupling of 1.5 Hz which indicated the 
formation of only one isomer. Treatment of the dimer with 
acetic anhydride/pyridine formed the hexaacetate (Example 
13) and, as expected, the singlet for the C-6' hydrogen 
shifted downfield to 6 6.52. The doublet for the C*4 hydro- 
gen had a coupling constant of 9.6 Hz, indicating the a 
configuration. The partially benzylated dimer was depro 
tected with hydrogeu/palIadium Co;> (H 2 /Pd) to obtain the 
dimer (+)-catechin-(4a^8)-(^)"epicatecbin (see Example 
12). HPLC analysis (FIG, IB) indicated that, in addition to 
the above dimer, another unknown dimer (13.5%) was 

55 present as well as a trace amount of trimer and tetramer. 
Final confirmation of the dimer's structure was made by 
preparing the octaacetate and comparing the 3 H NMR to the 
literature (Kawamoto, H., Nakatsubo, K and Murakami, K., 
J. Wood Chem, Tech,, 9, 35-92 (1989)). 

60 To study the surprising results using the LiBr coupling 
reaction, the coupling between 4j3-acetoxy letra-O-benzyi- 
(-)-epicatechin and (~)-epicatechin was performed as 
described in Example 15 (refer to Example 17 for the 
catecbin dimer). The dimer (~)-epicatechin-(4P"""*8)-(~)- 

55 epicatechin was obtained after hydrogenolysis (Example 
16). As shown in the following table, appreciable amounts of 
trimers and tetramers occurred in this reaction. 
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TABLE 1 
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LiBr Coupling Reaction 






% 


% In* 




Monomer 1 Monomer 2 Dimer* 


mer* 


tramer* 


4f^acetoxy tctia-O-benzyl (»>epicatediLn 71,4, 


3.8 


4,7 


(+)-catechia 13.5 






4£-acctcxy Ictra-O-benzyl (-)-epicatcchtn 44.7 


16.8, 


4.5, 


(-)-epicntechin 


9.3 


3,3 


4j}-acetoxy tetrs-Obenzyl (-+)-catechb 68,0** 






(+}-€atechm 







10 



-HPLC-MS analysis in negative ion mode (NH„OH) @ 0.04 mL/min; 
fragment 75; Vcap 3000. (See also FIGS. 1A and JB), 
* 'Yield based on silica ge] chromatography. 
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benzyl-monomers do not act as nucleophiles in the lithium 
bromide coupling reaction. The free phenolic hydroxy 1 
groups are necessary to increase the activity of the aromatic 
ring towards coupling. This is significant, since it offers a 
means to dififerenliate between rings capable of participating 
in the coupling and rings not capable of participating hi the 
coupling. 



Coupling reaction yields have also been improved by 
using lithium iodide (Li I) as Lewis Acid (see Example 20), 
Also, the reaction between 4j3-acetoxy teira-0-benzyi-(+)~ 
catechin and (~)~epicatechin was completed in only 18 hours 
with a yield of 85% after chromatography. In Example 11 
^ 5 where lithium bromide was used, and the yield was only 
62% after 24 hours. 



This table indicates that only one primary dimer results from 

this reaction. The manipulation of reaction lime and amounts This coupling procedure can be used for higher oligomers 
of reactant monomers can reduce the presence of higher 20 other than the dimer as shown in the following reaction 
oligomers. Additionally, it has been observed that tetra schemes. 
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OAc 



Since the phenolic hydroxy! groups in the A ring are 
benzylated, coupling occurs only at the C-6' position of the 
D ring and leads to the formation of a branched trimer. This 
was successfully tested by reacting tetra-O-benzyl-(-f)- 
catechin-(4a"*8)-(-)-epicatechin (see Example II) with 
4{3-acetoxy tetra-0-benzyl-(+)~catechin {see Example 6) 
with LiBr in THF-methylene chloride. A spot was isolated 
from Thin Layer Chromatography (TLC) where the J H 
NMR was loo complicated to interpret. However, mass 
spectral analysis showed that the molecular ion peak at m/z 
1861 corresponded to the desired structure in which one of 
the hydroxy 1 groups was not acefylaied. Hie reaction was 
repeated and the same product isolated. The mass spectrum 
clearly showed the formation of this branched trimer where 
(M+Na) + at m/z 1610 and (M*H)* at m/z 1588 were 
observed with typical retro Diels Alder cleavage fragmen- 
tation, A third replicate reaction was conducted for a longer 
time and again the mass spectrum was consistent with a 
branched trimer whose tentative structure was assigned as 
tetra-0-benzyl-(+)-catecbin-(4a^8)-(-)~epicalechin- 
(6p--*4a)-tetra-0-benzyl-(+)-catechin {see Example 24). 

For the synthesis of linear oligomers, a strategy of selec- 
tive activation-deactivation of ihe rings capable of partici- 
pating in ihe coupling reaction was developed. In this case, 
the partially benzylated dimer was acetylated and then 
hydrogenolyscd, allowing the preparation of a dimer with 
free phenolic hydroxyl groups (OH groups) in the A/B rings, 
and with acetate groups in the D/E rings. The electron 
withdrawing acetyl groups deactivated the D ring and thus 
allowed coupling with the 4p-aceloxy monomers to occur 
regioseleedvely at the OS position of the A ring. The 
resultant trimer can be subjected to ihe same process of 
acetyladoa and debenzylation followed by coupling wish 
another 4[i-acetoxy monomer to produce a tetramer. Rep- 
etitions of these steps leads to oligomers of increasing size. 



30 

This process was confirmed where the partially protected 
dimer of Example 13 was acetylated (see Example 13) and 
then hydrogenolysed (see Example 14). Doubling of NMR 
peaks was observed which is indicative of rotamers, NMR 

35 spectra talcen at higher temperatures (313' K.) simplified the 
spectrum, confirming the existence of the rotamers. 
interest! ngly ? performing the hydrogenolysis in ethyl acetate 
enabled the isolation of mono -O -be ozyl-3-accly K+)- 

40 catechin (4a~»8)-pentaacetyl-(-)-epicatechin whose NMR 
spectrum is shown in FIG. 7. When this oligomer was 
hydrogenolysed, the product was the same as that obtained 
previously. Reacting 3-acetyl~(+)-catechin-(4a-*8)~ 
pentaacetyl-(~)™epkatechin (see Example 14) with 

45 4(3~acetoxy tetra-0-benzyl-(-)-catechin (see Example 6) 
resulted in the desired product, i.e., tetra-O-benzyl (+)- 
catechin (4a-*8)-3-acetyl (+)~catechin (4a~*8)-pentaacetyl 
(-)-epicatechin (see Example 20), The mass spectrum 
(APCI, negaiive ion mode) indicated a strong molecular ion 
peak at m/z 1479,6 which was identical to the calculated 
mass for C g5 H 74 0 24 (1479,5). Mass fragments at m/z 1437, 
1389 and 1347 were consistent for the loss of acetyl, benzyl 
and acetyl/benzyl groups from the parent compound. FAB 

55 MS showed a molecular ion peak at m/z 1482 (M +H) + and 
a fragmentation pattern consistent for tetra-Obenzyl-3- 
s ce ty 1(4) -catechin ™(4a^8)-pentaace tyl-(~)-epicatechkL 

Similarly, the linear tetramer was formed by preparing 
!elra-0-benzyi-(+)'Catechin-(4a-»8)-3-acetyl"(^)-catechiE- 

60 (4a~*S)-penfaacetyl(-)-epicatechin (see Example 20) 
which was acetylated to tetra-0-benzyl-3-acetyl-( 
+)-catechin-(4a~*8)-pentaacetyI-(+)'Catechin-(4a— *8)~ 
pentaacetyl (-)-epicatecfain (see Example 21). Hydro* 

55 genolysis of the above compound (see Example 22) pro- 
duced 3-acetyl-(+)-catechin-(4oi-*8)-pentaacetyl-(+)~ 
caiechin-(4a-*8)-pentaacetyl (-)-epicatechin. Coupling 
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3-acetyl-(^)'Catechin-(4a^8)-pentaacelyl*(-f)'Calechin- 
(4a-*8)-pentaacetyI (-)-epicatechin with 4p~acetoxy tetra- 
0-benzyl-(+)-catechin (see Example 6) resulted in ihe for- 
mation of the tetramer tetra-0-benzyI-(^)-ca£echin-(4a~*8)- 
3-acetyl penlaaceEyl"(+)-caiechin-(4a^*8)-pentaacetyl-(+)- 5 
catecbin-(4ot-~*8)-pentaacetyi (~)-epicatechin (see Example 
23). The FAB mass spectrum showed the molecular ion peak 
at m/z 1978 which is consistent with the structure. 

An in situ replacement of ihe phenolic acetate groups with 30 
benzyl groups has also been developed. Hie in situ replace- 
ment of the acetyl for benzyl groups was conducted on 
3-acelyl-tetra-0-benzyl-(-i-)-catechin-(4a->8)'pentaacetyl- 
(~)-epicatechm (see Example 13) using the conditions speci- 
fied in Example 18 to result in the preparation of 3-acetyl- 
letra-0-benzyl-(+)-catechin*(4a-*8)-3-acetyl-tetra-0- 
benzyl-(-)-epicatecbin, Hydrogenolysis (see Example 19) 
provided the recovery of tetra-0-benzyl-(+)-C3tecbin- 
(4a-^8)-tetr8-0-benzyl~(-)-epicatechm which was then 2 o 
hydrogenolysed to the free dimer, proving the feasibility of 
this procedure. 



OBa 



BaCh 
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OH 



BLOCKING GROUPS 
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On ihe basis of the above steps, methods for the synthesis 
of (4-->6) interflavan linkages between monomers have been 
developed. For example t monomers can be benzylated in 
high yields using the DMA solvent system previously 
described. The benzylated monomers can be brominated at 30 
the C-8 position to provide 8-bromo-tetra~04>enzyl mono* 
mers as shown in Examples 25 and the several variants 
shown in Examples 26, and 27, and Example 28 describes 
the absolute stereochemistry for 8 -bromo-Lelra-O -(■»)- 
epicatechia Deprotecting these derivatives results in the 35 and stereochemistry previously described, 
preparation of ihe 8-bromo monomers, The resultant bromo 
derivative effectively blocks coupling at the C-8 position, 
thus directing coupling to occur at the 06 position. Cou- 
pling of the 8-bromo monomers with 4j3-acetoxy tetra-O- 40 
benzyl ^monomer under the conditions of the lithium bro- 
mide procedure results in the formation of a (4-*6) dirnen A 
typical reaction scheme is illustrated below. 



OH 



Denomination (Le,, deblocking) is effected at low tem- 
perature (-78° C) in solution with a suitable alkyl lithium 
compound such as n-butyl lithium or tert-butyl lithium, 
followed by protonation of the resultant dimer by a weak 
protic acid (e.g., water). By employing the additional steps 
embodied in the invention, the (4-»6) dimer can be extended 
to higher oligomeric size, comprising variations of regio- 



DEPROTECTION AND DEMASKING 



OBo 



OBn 
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The reagents used in the deprotection step will depend 
upon the group being removed. For example, when remov* 
ing the benzyl protecting groups, hydrogenolysis is carried 
out using (he conditions set forth in Examples 12, 16 and 22. 
When the masking groups are removed, alkaline hydrolysis 
is carried out using the conditions set forth in Examples 5 
and 18, 
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Alternatively, commercial lipase can be used to enzymad- 
cally deacetylate the protected oligomer. Removal of the 
protecting or masking groups can be accomplished using 
any conventional techniques provided ihe techniques do not 
adversely affect the procyanidin oligomer. 
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COMPOUNDS OF THE INVENTION 



Novel compounds that can be produced by the process of 
65 the invention include novel multiple branched, preferably 
doubly branched, procyanidin oligomers represented by the 
following structure. 
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The steps outlined above under the Blocking Groups 
Section* can be extended to produce procyanidin oligomers 
comprising (6« — >6), (6-* — *8), (8* — »8) interflavan link- 
ages. These compounds can be obtained from 8-bromo- or 
6-bromo-mouomer intermediates. Coupling of these com- 5 
pounds with arylboromc or arylstannanes obtained from the 
same halogenaied intermediates by Suzuki coupling or by 
Stiile reactions leads to the desired oligomeric linkages 
(Suzuki, A., Pure Appl Chem. 57, 11749-11758 (1985), 
Stiile, J. K^Agnew, Chem. Internal Ed Engl, 25, 50&-524 10 
(1986)). 

USES OF THE PROCYANIDIN OLIGOMERS 



The oligomers have the same uses, and can be formulated, 
purified and administered in the same manner as described 
in U.S. Pat. No. 5,554,645 issued Sep. 10, 1996 to Romanc- 
zyk et aL and U,S. Pat No. 5,712,305 issued Jan. 27, 1998 
to Romanczyk et al. Such uses Include the use as antine- 
oplastic agents, anti-cancer agents, anti-tumor agents, 
antioxidants, DNA topoisomerase inhibitors, cyclo- 
oxygenase and lipoxygenase modulators, nitric oxide or 
nitric oxide synthase modulators, nomsteriodal antinflam- 
matory agents, apopiosis modulators, platelet aggregation 
modulators, blood or in vivo modulators, antimicrobials, and 
inhibitors of oxidative DNA damage, 

EXAMPLES 

In the following examples, (*)-catechin and (-)- 
epicatechin are exemplary procyanidin monomers used to 
demonstrate the methods of ihe invention and no limitation 
of the invention is implied. These monomers may be 
obtained from commercial sources or isolated and purified 
from natural sources such as from the seeds of Theobroma 
cacao, related species, the genus Herrania and their inter- 
and intra- genetic crosses. Unless specified otherwise, the 
purity of compounds prepared in the Examples were 85% or 
better. 



Example 2 

Preparation of Tetra-0-benzyl<-)-epicatechin 

The title compound was prepared in an identical manner 
to that set forth in Example 1 except that (~)-epicatechin was 
used in place of (+)«catechin to provide 893 mg of off-white 
crystals at a vield of 69%. l H NMR (CDC1*) 7.43-7.30 
(20H, m, Ar-H) 7,13 (1H, a, H-2% 6.96 (2H, s, H-5, H~6% 
6.26 (2H, m, H-6, H-8), 5,18, 5,16 (2x2H, s, CH 2 Ph), 5.01, 
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Example 1 

Preparation of Tetra-0-benzyl-(+)-caiechin 

To a solution of (+)-catechin (580 mg, 2 mmol) in DMA 
(15 raL), benzyl bromide (960 /^L, 4 eq) and K^CO^ (1.7 grn, 
6 eq) were added and the mixture stirred at rJ. under argon 45 
for 48 hours. The mixture was then partitioned between 
ethyl acetate and water (50 mLeach). The organic layer was 
washed with water (3x50 mL), then 50 mL saturated NaCl. 
Removal of the solvent gave a viscous residue from which 
the title compound was isolated by crystallization from 50 50 
mL methylene chloride ;methanoi (9:1; v/v) to provide 880 
mg of off-white crystals al a yield of 68%. 2 H NMR (CDCI 3 ) 
§ N 7.44-7,24 (20H, m, Ar-H), 7.0 (1H, s, H-2% 6,94 (2H, s, 
H-5 f , H-6% 6.25, 6.19 (2xlH, 2xd, J-2.0Hz, H-6, H-8), 5.16 
(4H, s, CH.Ph), 5.0, 4.97 (2x2H, 2xs, CH 2 Ph), 4.61 (1H, d, 5 5 
J =8.2 Hz, H-2), 3.98 (1H, m, H-3), 3.10 (XH, dd, J-16.5 Hz, 
H4a) f 2.63 (1H, dd, J=8.9, 16.5 Hz, H4(5), 
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4,99 (2x2H, 2xs, OLPh), 4.90 (1H, s, H-2), 4.19 (1H, bm, 
H-3), 2.45 (2H, m, H4), 1.64 (1H, d, J=3.S Hz, OH). 

Example 3 

Preparation of Pentaacetyi (-)-epicatechin 

500 mg (-)-epicatechin (L6 mmole) was dissolved in 5 
mL cold (0° C) dry pyridine. 2 mL of acetic anhydride was 
added, the solution stirred for 18 hours under an argon 
atmosphere. The solution was then partitioned between 50 
mL ethyl acetate;50 mL IN HC1 and the organic layer 
washed 3x50 mL with IN HC1, followed by 50 mL water 
and 50 mL saturated NaCl. The washed organic layer was 
dried over MgS0 4 , filtered and dried to obtain a viscous oil 
which solidified upon addition of 100 mL hexane to provide 
720 mg of product at a yield of 90%. J H NMR (CDCI 3 ) b H 
7,36 (1H, d, J-2 Hz, H-2'), 7.27 (1H, dd, J-2.0, 8.4 Hz, 
HO, 7,20 (1H, d, USA Hz, H-5% 6.67 (1H, d, 3*2.3 Hz, 
H-6, or H-8), 6.56 (1H, d, J*2.3 Hz, H-8 or H-6), 538 (1H, 
m, H-3), 5.11 (1H, bs, H-2), 2.98 (1H, dd, 3-4.4, 17.8 Hz, 
H4), 2.87 (1H, dd, J-2, 17.8 Hz, H-4), 2.299, 2.297, 2.295, 
2.282, 1.920 (5x3H T 5xs, 5XCOCH3). 

Example 4 

Preparation of Pentaacetyi (+)-catechk 

The title compound was prepared in an identical manner 
to thai set forth in Example 3 except that (+)-catechin was 
used in place of (<~>epicatechin to provide 720 mg at a yield 
of 90%. m NMR (CDCI3) 6^ 7.16 (1H, d, J-2 Hz, H-2 1 ), 
7.26 (IB, dd, J~2.0, 8,4 Hz, H-6'), 7.19 (1H, d, J-8.4 Hz, 
H-5% 6.66 (1H, d, J-2.3 Hz, H-6, or H-8), 6.59 (1H, d, U23 
Hz, H-8 or H-6), 5.25 (1H, m, H-3), 5.15 (1H, d, J-6.1 Hz 
H-2), 2.87 (1H, dd, J-5.1, 16.8 Hz, H-4), 2.63 (lH t dd, 
3-6.4, 16.8 Hz, H-4), 2.290, 2.286, 2.279, 2.051, 2.006 
(5x3H, 5xs, 5xCOCH 3 ), 

Example 5 

Preparation of Tetra-O-p-methoxybenzi-3-acetyl- 
(-)-epicatecbin 

To a mixture of pentaacetyi (-)-epicatechin (50 mg, 0.2 
mmol), p-methoxy benzyl chloride (69 mg, 4,4 eq), 60% 
NaH in mineral oil (10 mg, 4 eq) and DMF (5 mL), water 
(20 //L, 4 eq) was added at 0 6 C. dropwise over a period of 
5 minutes. After stirring under argon for 12 hours at r.t., the 
reaction mixture was diluted with ethyl acetate (30 mL) and 
washed with water (50 mL) and 30 mL saturated NaCL The 
organic layer was dried over MgS0 4 and the solvent evapo- 
rated to obtain a pale yellow oil from which the title 
compound was isolated by silica gel chromatography as a 
white solid, crystallized from hexane: methylene chloride 
(1:1, v/v); yield (50 mg, 70%). 2 H NMR (CDC1 3 ) b H 
7.35-7.29 (9H, rn, Ar-H), 6.92-6.85 (10H, m, Ar-H), 6.26 
(2H, bs, H-6, H-8)), 5.38 (1H, m, H-3), 5.06-6.85 (8H, m, 
4xCH 2 ), 4,92 (1H, s, H-2), 3.80 (12H, overlapping singlets, 
4xOCH 3 ), 2,93 (2H, m, H-4), 1.85 (3H, s, 0C0CH 3 ). 

Example 6 

Preparation of 4p-Acetoxy tetra-0-benzyl-(+)- 
catechin 

Te!ra-0-benzyl-(+)-catechin (300 mg, 0,46 mmole) and 
lead tetraacetate (304 mg, 1.5 eq) were combined in a round 
bottom fiask and dried under vacuum for 30 mim Argon was 
introduced, followed by addition of benzene and glacial 
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acetic acid (5 mL each). The initial yellow color faded on 
addition of acetic acid. The solution was stirred for 24 hours 
at r.t, and transferred to a separatory funnel The mixture was 
washed with cold IN NaOH (4x50 mL), followed by water 
(50 mL) and finally with saturated NaCl (50 mL). The 
organic layer was dried over Na 2 SG 4 followed by removal 
of solvent to produce a brownish residue from which silica 
gel chromatography furnished the title compound by elution 
with hexane:ethyl acetate (7:3, v/v). The eluaie was evapo- 
rated to produce 210 mg, 66% of the title compound. 1 H 
NMR (CDC1 3 ) b H 7.44-7,28 (20H, m, Ar-H), 7.08 (IK, s, 
H-2% 7.01, 6.95 (2H, ABq, J-8.3 Hz, H-5', H-6% 6.41 (III, 
d, J-3.6 Hz, H-4), 6.23, 6.15 (2xlH, 2xd, J=2.1 Hz, H-6, 
H-8), 5.16 (4H, s, CH.Ph), 5.05, 4.97 (2x2H, 2xs, CH 2 Ph, 
4.83 (IH, d, J=10.3 Hz, H~2), 4.13 (IH, dd, J=3.6, 10.3 Hz, 
11-3), 2.23 (IH, bs, OH), 2.07 (3H, s, COCH^). 

Example 7 

Preparation of 4f5-Acetoxy tetra-0-benzyl-(-)- 
epicatechin 

The title compound was prepared in an identical manner 
to that set forth in Example 6 except that 1.01 gm of 
tetra»0"benzyl-{-)-epicatechki (1.55 mmol) was used in 
place of tetra-0-benzyl-(+)-catechin to provide 62 m^, 59% 
product. 2 H NMR (CDC1 3 ) b H (20H, m, Ar-H), 

7;12 (IH, s, H-2% 6.98 5 6.95 (2H, ABq, J=8,3 Hz, H-5', 
H-6% 6.25 (2H, s, H-6, H-8), 5.16 (4H, s, CH 2 Ph) ? 6.10, 
(1H, d, 3=2.5 Hz, H-4), 5.17, 5.16, 5,03 (4x2H, 4xs CH.Ph), 
4.97 (IH, s, H-2), 3.95 (1H, m, H-3), 2.0 (3H, s, COCH 3 ). 

Example 8 

Preparation of 4(3-Hydroxyl tetra-Q-benzy !-(+)- 
catechin 

To a solution of 4 -acetoxy tetra~0-benzyl-(+)-catechin 
(692 mg, 1 mmol) in THF (9 mL) and methanol (1 mL), 
powdered KOH (168 mg, 3 eq) was added* and the solution 
stirred at r.t. for 2 hours. Saturated NH^Cl (25 mL) was 
added and the solution extracted 2x25 mL with ethyl acetate. 
The organic layer was dried over Na 2 S0 4 and the solvent 
evaporated io provide an off-white solid (650 mg, 
quantitative). 3 H NMR (CDC1 3 ) 5^ 7.45-7.28 (20H, m, 
Ar-H), 7.08 (1H, s, H-2 T ), 6.99, 6.95 (2H, ABq, J«8.3 Hz, 
H-5 r , H-6'), 6.26, 6.15 (2xlH, 2xd t J-2.1 Hz, H-6, H-8), 5.16 
(4H, s, CH 2 Ph), 5.06 (3H, m, H-4, CH 2 Ph), 4.97 (2H, s, 
CH 2 Ph), 4.85 (IH, d, J-9.9 Hz, H-2), 3.95 (IH, m, H-3), 
2.75 (IH, bs, OH), 2.55 (IH, bs, OH). 

Example 9 

Preparation of 4p-Hydroxyl tetra-O-benzyl-(-)- 
eptcatechin 

The title compound was prepared in an identical manner 
set forth in Example 8, except that 4(3-acetoxy ietra-O- 
benzyl -(-)-epicaiechin was used in place of 4p-acetoxy 
£etra-0-benzyl-(+)-catechin to provide 287 mg, 86% prod- 
uct. "H NMR (CDCy h H 7.45-7.31 {20H, m, Ar-H), 7.16 
(IH, s, H-2*), 6.99, 6.95 (2H, ABq, J-8.3 Hz, H-5\ H-6% 
6.29, 6.27 (2xlH, 2xd, J-2.1 Hz, H-6, H-S), 5.18 (4H, s, 
CH 2 Ph), 5.18 (4H, s, CH 2 Ph), 5.07 (3H, m, H-4, CH 2 Ph), 
5.01 (2H, s, CH 2 Pf]), 4.92 (IH, s, H-2), 3.98 (IH, dd, J-2.5, 
5.7 Hz, H-3), 2.43 (IH, d, J=2,4 Hz, OH), 1.58 (IH, d, J-5.7 
Hz, OH). 

Example 10 

Preparation of 4p-Methoxy lctra-0-benzyl-(+)- 
catechin 

To a solution of 4 -aeeloxy letra~0-benzyl-(+)-cateehin 
(70 mg, 0.1 mmol) in methylene chloride (5 mL) and 
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methanol (1 mL), LiBr (S7 mg, 10 eq) was added and the 
solution refluxed for 4 hours. The mixture was then parti- 
tioned between methylene chloride and water (25 mLeach). 
The organic layer was dried over Na 2 SO j4 , filtered and the 

5 solvent evaporated. The residue was subjected to silica gel 
chromatography to produce 54 mg, 80% of the title com- 
pound as pale yellow oil. *H NMR (CDCy 6^ 7.42-7.27 
(20H, m, Ar-H), 7,07 (IH, d, J-1,6 Hz, H-2"), 6.96 (2H, m, 
H-5 T , H-6'), 6.26 (IH, d, J-2.2 Hz, H-6 or H-8), 6.15 (UH, 

do d, J-2.2 Hz, H-8, H-6) 5.15 (4H, s, CH 2 Ph), 5.02 (2H, ABq, 
J-7.8 Hz, CH 2 Ph), 4.97 (2H, s, CH 2 Ph), 4.92 (IH, d t J-HL4 
Hz, H-2), 4.72 (IH, d, J=3.5 Hz, H-4), 3.85 (IH, dt, J~3.5, 
9.2 Hz, H-3), 3,47 (3H, s, 0CH 3 ). 

15 Example 11 

Preparation of Tetra-0-benzyH+)-catechin- 
(4a ->8)-(-)<picalechin 

4|3-Acetoxy tetra~0-benzyl-(+)-catechin (Example 6) 

20 (140 mg, 0.2 mmol), (-)-epicalechin (290 mg, 5 eq) and 
LiBr (87 mg y 5 eq) were dissolved in a mixture of THF and 
methylene chloride (5 mLeach) and the solution refluxed for 
24 hours after which the solution was partitioned between 
ethyl acetate and water (40 mLeach). The organic layer was 

25 dried over Na 2 S0 4 followed by evaporation of the solvent. 
The residue was resuspended in ethyl acetate and filtered to 
remove most of the (-)-epicatechin. The filtrate was evapo- 
rated and subjected to silica gel chromatography where 
methylene chIoride:eihyl acetate (1:1, v/v) eiuate furnished 

30 116 mg, 62% dimer as an off-white powder. For the NMR 
spectrum the Hs comprising the upper monomer of the 
dimer are designated A and the Hs comprising the lower 
monomer of the dimer are designated B. *H NMR (CDC 13 : 
d 4 -methanoi, 9:1) 5^ 7.36-7.23 (20H, ro, Ar-H), 7.02-6.74 

35 (5H, m, A-5', A-6', A-2', B-2', B-5 f ), 635 (IH, dd, J-1 .7, 8,2 
Hz, B-6), 6.18-6,16 (2H, ABq, J-2.2 Hz, A-6, A-8), 5.86 
(IH, s, B~6), 5,12 (5H, m, CH 2 Ph, B-2), 4,90 (2H, s, 
CH 2 Ph), 4.71 (IH, d, J=8.2 Hz, A-2), 4.59 (IH, d, J-10 Hz, 
CH 2 Ph), 4.47 (IH, d, J*10 Hz, CH 2 Ph), 4.29 (1H S dd t 

40 S.3 Hz, A4), 3.80 (IH, rn, H-3), 2.71 (IH, d, J-16.6 Hz, B-4), 
2.53 (IH, dd, J*4.4, 16.6 Hz, B-4); 33 C NMR 5156.5, 156.0, 

154.6, 154.0, 152,5, 151.6, 151.4, 151.2, 150,6, 147.0, 

146.7, 141.7, 141.6, 141.5, 139.8, 134.8, 134.4, 134.2, 
133.9, 129.3, 128.7, 126.2, 126.1, 126.0, 125.8, 125.5, 

45 125.4, 125.2, 125.1, 125.0, 124.9, 119.8, 115.0, 112.6, 111.2, 
106.1, 104.5, 96.5, 94.9, 93.0, 92.8, 79.9, 70.5, 69.1, 69.0, 
67.8, 67.7, 63.9, 35.0, 25.5; IR (KBr, cm"" 1 ) 3418, 3057, 
3034, 2918, 1609, 1510, 1446, 1371, 1260, 1202, 1097, 806, 
731, 696; MS (FAB, m/z) 939.6 (M+H)\ 649,1, 607.0, 

50 559.0, 459.8. 

Example 12 

Preparation of (*) — Catechin (4a-»8)-(-)- 
s ^ epicatechin 

Tetra-0^benzyl-(+)-catechin-(4a-^8)-(->epicatechin 
prepared in Example 11 (50 mg) was dissolved in methanol 
(10 mL) and degassed by blowing argon for 10 rnin. 30% 
Palladium-charcoal (30 mg) was added and hydrogenolysis 

60 conducted at 45 psi for 3 hours, The solution was filtered 
through Ceiite which was washed with methanol. The com- 
bined filtrate and washings were evaporated and the residue 
was dissolved in water, then iyophilized to provide a quan- 
titative yield of the dimer as an off-white solid. For the NMR 

65 sped rum the Hs comprising the upper monomer of the 
dimer are designated A and the Hs comprising the lower 
monomer of the dimer are designated B. J H NMR 
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(CDCl 3 :d^methanoI, 9:1) 6„ 7.21 (1H, bs, A-2% 7.04 (1H, 
bs, B-2% 6.95-6,75 (2H, m, A-5, B-5% 6.62 (1H, m, A-6% 
6.45 (1H, m, 6.20 (1H, m, B^6), 6.05 (1H, m, B-6), 

5.S9 (2H, m, A-6, A-8), 4.9S (1H, m, B-2,), 4.85 (1H, m, 
B-2), 4.42-4.25 (3H, m, A4 7 A-3, A-2) s 3.05-2.62 (2H, m, 
B-4). 

Example 13 

Preparation of 3-Acetyl-tctra-0-benzyl"<4)<atechiQ- 
(4a^8)-pentaacetyl-{-)-epicatechin 

Tctra«0-benzyl-(+)-catcchin*(4a-»8)-epicalechin pre- 
pared in Example 11 was aceiylated with acetic anhydride in 
pyridine. 120 rog of letra 0-benzyl-(+)-caLechm (4a-»8> 
(~)-epica techin was dissolved in 2 mL of dry pyridine and 
500 /*L of acetic anhydride added. The reaction mixture was 
stirred under argon for IS hours at r.i. The mixture was 
partitioned between ethyl acetate and IN HQ (25 mLeach). 
The organic layer was washed with 25 mL water, followed 
by 25 mL 5% sodium bicarbonate, followed by 25 mL 
saturated NaCl and the organic phase dried over Na 2 S0 4 . 
The product was purified by chromatography lo provide 140 
mg of the title compound at a yield of 91%. For the NMR 
spectrum the Hs comprising the upper monomer of the 
dimer are designated A and the Hs comprising the lower 
monomer of the dimer are designated B, *H NMR (CDQ 3 : 
d 4 -methanoi, 9:1) 0^7.40-7.29 (20H, m, Ar~H), 7.19-7.13 
(5H, m. A-2', A-6 1 , B-2', B-5\ B-6% 6.92 (1H, d, J =8.3 Hz, 
A-5 1 ), 6.52 (1H, s, B-6), 6.21, 6.18 (2xlH, 2xd, J=2.3 Hz, 
A-6, A-8), 5.67 (1H, t, J-9.6, Hz, H-3), 5,14 (3H, s, CH 2 Ph, 
B-3), 5.0 (2H, s, CH 2 Ph,), 4.98 (2H, s, CH 2 Ph,) 4.84 (1H, d, 
J=9.iHz,A~3),4.75(lH,d,M0.1 Hz, A-2), 4.58, 4.41 (2H, 
ABq, U92 Hz, CH 2 Ph), 2.64 (2H, m, B-4), 2,29 (6H, s, 
COCH,), 2.26 (3H, s, COCH 3 ), 2.26 (3H, s, COCH 3 ) L7G 
(3H, s, COCH^, 1.74 (3H, s, COH 3 ), L64 (3H, S> COCH^); 
33 C NMR 169.6, 168.2, 168,0, 167.5, 158.0, 156.2, 153.2, 
149 2, 148/7, 147.1, 146.2, 142,5, 142.0, 137,0, 136.8, 
136.5, 136.2, 130.0, 129,8, 128.3, 128.2, 127.7, 127.6, 
127.3, 127J, 122.8, 121.6, 121.4, 114.9, 114,8, 110.2, 108,4, 
106.0, 95.0, 94.6, 80.0, 75.5, 73.4, 71.4, 71,0, 70,5, 69,7, 
66.5, 35.0, 26.2, 20.6, 20.5, 20.4, 20.3, 20.0; MS (FAB, m/z) 
1192 (M+HT, 1131, 1039, 949, 841, 691. 

Example 14 

Preparation of 3-AcetyH+)-catechm (4a->-8)- 
pentaacetyH~)-epicalechki 

3-AcetyI-tctra-Obcnzyl-( + )-catechin (4a-* 8)- 
pentaacetyl-(-)-epicatechin prepared in Example 13 was 
dissolved in degassed ethyl acetate-methanol (3 mL each) 
and hydrogenated with 30% palladium-charcoal at 45 psi for 
4 hours. The solution was filtered through Celite and the 
solvent evaporated to provide a quantitative yield of the 
dimer as a pale yellow solid. For the NMR speclurm the Hs 
comprising the upper monomer of the dimer are designated 
A arid the Hs comprising the lower monomer of the dimer 
are designated B. NMR (CDC1 3 : d 4 -mc!hanol, 9:1) b H 
6.98 <2xlH, bs B-2% 7.36, 6.98 (2xlH, 2xd, J-8.4, B-6% 
7.24, 7.16 (2xlH, 2xd, i-8,4 Hz, B-5% 6.89, 6.60 (2xlH, 

2xbs, A-2 1 ). 6 - 83 > 6 ' 79 ( 2xlH > J=S ' 4 Hz > A ~ 5 *> A ' 6< )' 
6.66 (1H, d, J-8.4 Hz, A-5% 6.47 (1H, d, J-8.4 Hz, A-6'), 
6.51, 6.45 (2xlH, 2xs, B-6), 5.97, 5,84 (2xlH, 2xd, J~2 Hz, 
A-6, A-8), 5.96 (2H» s, A-6, A-8), 5,71 (2H, m, A-3), 5.50, 
517 (2xlH, 2xbs, B-3), 5.28 (2xlH, 2xbs, B-2), 5.0, 4.54 
(2xlH, 2xd, J-8.9, 9.4 Hz, A-2), 4.74, 4.61 (2xlH, 2xd, 
J-9.9 Hz, A4), 3.2, 2.74 (2*2E, 2xm, B-4), 232, 2.29, 2.28, 
2.26, 2,23, 2.01, 1.80, L77, 1.63 (s, COCH 3 ); J3 C NMR 



172.5, 
169.8, 
147.5, 
137.0, 



172.0, 
169.2, 
146.0, 
129.8, 



171,8, 
157.2, 
145.9, 

125,8, 
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171.5, 170.3, 
157.1, 156.8, 

145.6, 145.0, 
124.9, 124.0, 



170.2, 
154.8, 
143.0, 

123.0, 



170.1, 170,0, 

154,0, 149,2, 

142.8, 137.5, 

122.6, 121.8, 



30 
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20 



25 



120.8, 120.2, 119.8, 115.9, 115,8, 115.5, 115.1, 110,8, 110.9, 
109.5, 109.4, 105.0, 104.2, 98.0, 97.5, 96.8, 96.0, 81.0, 80.2, 
79.0, 78.8, 78.6, 78.0, 75.0,72.2, 68.1, 68.0, 37.5, 36.0, 26.5, 
26.0, 20.7. 

Example 15 

Preparation of Tetra-0-benzyl-(-)epicatechm - 
(4fJ-*S)-(~) epicatechin 

4{3-Acetoxy tetra-0-benzyl-(-)*cpicatechin prepared by 
Example 7 (70 mg. 0.1 romol), (-)-epicatechin (145 mg, 5 
eq) and LiBr (44 mg, 5 eq) were dissolved in a mixture of 
THF and methylene chloride (3 mL each) and the solution 
relluxed for 24 hours under argon. The solution was parti- 
tioned between ethyl acetate and water (25 mL each) and the 
organic layer dried over Na 2 S0 4 , The solvent was evapo- 
rated and the residue resuspended in 25 mL ethyl acetate 
followed by filtration to remove most of the unreacted 
(-)-epicatechin. The filtrate was evaporated to a residue and 
the title compound isolated from silica gel chromatography 
by methylene chloride: ethyl acetate (1:1, v/v) elution. 
Evaporation of the eluate provided 56 mg (60%) of an 
off-white powder. *H NMR (CDCl 3 :d 4 -raethaaol I 9:1) b H 
[No assignment] 7.35-7,14 (20H, m), 6.92 (1H, bs), 6.82 
(1H, s), 6.29 (1H, s) 6.18 (1H, s,), 5.58 (1H, s), 5.01 (4H, s), 
4.94 (2H, s), 4.93 (2H, s), 4.38 (1H, s), 3.93 (1H, s), 2.85 
(2H, s). 

Example 16 

Preparation of (~)-Epicatechin-(4p->'8H™)- 
epicatechin 

Teira-0-benzyl-(-)epicatechia (4 j3~-*8)-(-)™epica techin 
prepared in Example 15 (40 mg, 0,043 mmol) was dissolved 

40 in S mL methanol and degassed by blowing argon for 10 
min. lb the solution, 25 mg of 30% palladium-charcoal was 
added and the mixture hydrogenolyzed at 45 psi for 3 hours. 
The solution was filtered through Ceiite followed by wash- 
ing with 25 mL methanol. The combined filtrate and wash* 

4 5 ing were evaporated and the residue dissolved in water. 
Lyophilization provided 23 mg of an off-white powder. 
HPLC analysis (FIG. 1A) revealed the presence of 18% 
monomer, 45% dimer, 25% trimer and 8% tetramer. The 2 H 
NMR spectrum is shown in FIG. 2. 
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Example 17 

is Preparation of Tetra-0-benzyi-(*)-catechin- 
(4a-*8)-( +)-catechis 



4p-Acetoxy tetra-04>enzyl-(+)-catechin prepared by 
Example 6 (70 mg. 0.1 mmol), (+)-catechin (145 mg, 5 eq) 
and LiBr (44 mg, 5 eq) were dissolved m a mixture of THF 
and methylene chloride (3 mL each) and the solution 
refiuxed for 24 hours under argon. The solution was parti - 
60 tioned between ethyl acetate and water (25 mLeach) and the 
organic phase dried over Na 2 S0 4 , Following evaporation, 
the residue was resuspended in ethyl acetate (25 mL) and 
filtered to remove most of the unreacted (+) -ca techin. After 
evaporation, the residue was subjected to silica ge! chroma* 
65 tography where elution with methylene chloride:ethyl 
acetate (1:1, v/v) provided an off* white powder (81 mg, 
68%) after evaporation. a H NMR (CDQ 3 :d 4 -methanol, 9:1) 
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b H 7,39-7.06 (2GH, m), 6.84-6.68 (5H, m% 6.47 (1H, d, 
3-7.9 Hz), 6.32-5.98 (4H, m), 5.0CM.33 (11H, m), 3.58 
(1H, m), 2.98 (1H, m), 235 (1H, m); IR (KBr, cm^ 1 ) 3441, 
3057, 3034, 291S, 1609, 1542, 1510, 1371, 1266, 1097,812, 
737, 696; MS (APCI, m/z) 938 (M-H), 920, 848, 816, 696, 5 
607, 558. 

Example 18 

Preparation of 3-Acctyl-!etra~0~benzyH+)-catechn> 10 
(4ov~*S)™3-acetyl tetra 0-bcn2yl'(-)-epicalechin 

3-Acety! tetra-0-benzyI-(+)-catechin (4a-»8)- 
pentaacetyl-(-)-epicatechin prepared by Example 13 (119 
mg, 0.1 mmol) was added to dry DMF (4 mL) at 0C, 
followed by NaH (29 'mg, 42 eq), followed by benzyl 
bromide (54 /uL, 4.5 eq). Water (8 ,«L, 4eq) was added slowly 
over 2 minutes and the mixture was stirred for 24 hours at 
r.t. The solution was partitioned between ethyl acetate and 
water (25 rnL each) and the organic phase was dried over 
MgS0 4 . Following evaporation, the residue was subjected to 
silica gel chromatography where elution with 20% ethyl 
acetate in hexane provided 105 mg (90%) of the title 
compound after evaporation. For the NMR spectrum the Hs 
comprising the upper monomer of the dimer are designated 
A and the Hs comprising the lower monomer of the dimer 
are designated B. *H NMR (CDO* ^-methanol, 9:1) b H 
7.45-7,24 (40H, m, Ar-H), 6.90-6.78 (6H, m, A-2', A-5', 
A-6\ B-2«, B-5\ B-6 1 ), 6.22 (2H, m, A-6, A-8), 6.21 (1H, s, 
B-6), 5.92 (1H, m, A-3), 5.2-4,40 (20H, complex, CH 2 Ph, 
A-2, A4, B-2, B-3), 2.70 (2H, m, B-4), 1.67 (6H, s, €H 2 Ph,), 
COCH 3 ). 

Example 19 

Preparation of Tetra-0-benzy]-(+)-catechln- 
(4a^8)-(+)-tetra"0»benzyl"(-)'epicatechin 

To a solution of 3-acetyl tetra*0-betizyl-(^)»catechm- 
(4ov-->8)-3 acetyl ielra-04>enzyl^»~)~epicatechin prepared in 
Example 18 (40 mg, 0.03 mmol) in the THF (2 mL) and 40 
methanol (200 /*L), powdered KOH (5 mg, 3 eq) was added 
and the solution stirred at r.t, for 18 hours under argon. The 
reaction mixture was partitioned between ethyl acetate and 
saturated NH^Cl (25 mL each). The organic layer was dried 
over MgS0 4 and the solvent evaporated. The residue was 45 
then subjected to silica gel chroma lography where elution 
with 20% ethyl acetate in methylene chloride provided the 
title compound (31 mg, 82.5%) as a colorless oil after 
evaporation of the solvent. For the NMR spectrum the Hs 
comprising the upper monomer of the dimer are designated 50 
A and the Hs comprising the lower monomer of the dimer 
are designated B, J H NMR (CDC1 3 d 4 -methanol, 9:1) 0^ 
7.41-713 (40H, m, Ar-H), 6.97-6.79 (6H, complex, A-2\ 
A-5', A-6', B~2 ! , B-5', B-6% 6,22 (1H, s, B-6), 6.20, 6.12 
(2xlH, 2xd, J-2.4 Hz, A-6, A-8), 5.18a— 4.51 (19H, 55 
CH 2 Ph, A-2, A4, B~2), 4.28 (1H, m, A-3), 3.85 (1H, m, B-3), 
2,95 (1H, d, M6 Hz, B-4), 2,60 (1H, dd, J=5, 16 Hz, B-4), 

Example 20 

Preparation of Tetra-0-benzyl-(+) catechin- 
(4a- a -8)-3-acetyt-(+)"Catechin»(4a->8)-pentaacetyl 
(-)-epicaiechin 

To a solution of 3-acetyl -(-f)-ca!echin-(4a-* 8)- 
pentaacetyl-(-)-epicatecbin prepared by Example 14 (100 
mg, 0.068 mmol) and 4(3 acetoxy Letra-0-beuzyI-(+)- 
caiechin prepared by Example 6 (334 mg, 2 eq) in THF (7 
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mL) and methylene chloride (7 mL), 161 mg of Lil was 
added. The solution was re fluxed for 24 hours, followed by 
partition between ethyl acetate and water (25 mL each). The 
organic phase was dried over Na 2 SO^, filtered and the 
solvent evaporated. The residue was subjected to silica gel 
chromatography where elution with ethyl ace late -methylene 
chloride (1:1, v/v) provided a brownish white solid (100 mg, 
28%) after the evaporation of the solvent. MS (FAB, m/z) 
1482 (M+H) + , 1148, 1042, 962, 920, 650. 

Example 21 

Preparation of Tetra-0-beozyl-(+)-catechm - 
(4a^8)-pentaacetyl-(4-)-caiechio-(4a~*8)- 
pentaacetyl (-)-epicatecbin 

Tetra-0-benzyl-(+) catechin-(4a--» S)- 3 -acetyl -(+)- 
catechin<4a-*8)™pentaacetyl (-)-epicatechln prepared by 
Example 20 (100 mg, 0.068 mmol) was stirred in dry 
pyridine (2 mL) and acetic anhydride (1 mL) under argon for 
24 hours. The solution was then partitioned between IN HQ 
and ethyl acetate (25 mL each), the organic layer was 
washed with 5% NaH€0 3 , saturated Nad and dried over 
MgSO„. Evaporation of the solvent provided an oily residue 
which was subjected to silica gel chromatography where 
elution with 10% ethyl acetate in methylene chloride pro- 
vided a white powder (70 mg, 61%) after evaporation of the 
solvent. 

Example 22 

Preparation of 3 Acetyt-(+)-catechin -(4a-*S)- 
pentaacetyl-(+)-catechin-(4ct-*8)-pentaacetyl (-)- 
epicatechin 

Tetra-0~benzyl- (+)~catechin-(4a~-*8)-pentaacetyl-(-i-)- 
catechin-(4ct-*8)™pentaacetyl (-)-epicatechin prepared in 
Example 21 (50 mg) was dissolved in degassed ethyl 
acetate-methanot (3 mL each) and hydrogenolysed for 4 
hours in the presence of 30% palladium-charcoal (30 mg) at 
45 psi Removal of the catalyst via filtration through Celite 
and evaporation provided the title compound as a pale 
brown powder (35 mg, 91%). 

Example 23 

Tetra-0-benzyI-(+)«catechin*(4a— 8)»3-acetyl-(+)- 
calechin'(4a-*8)-pentaacetyl-(-i-)-catechin-(4a-^8)- 
pentaacetyl (-)-epicatechin 

To a solution of 3-acetyl-(+)-catecbin-(4a~*8)- 
pentaacetyl-(4)-catechin-(4a— 8)~pentaacetyl (-)- 
epicatechin prepared by Example 22 {30 mg, 0.0226 mmol) 
and 413-acetoxy tetra-0-benzyl-(+)-catechm prepared by 
Example 6 (31 mg, 2 eq) in THF and methylene chloride (2 
mL each), Lil (16 mg, 5 eq) was added and the solution 
re fluxed for 24 hours. The solution was partitioned between 
ethyl acetate and water (25 mLeach) and the organic layer 
dried over MgS0 4 , filtered and the solvent evaporated. The 
residue was subjected to silica gel chromatography where 
elution with 10% methanol in methylene chloride provided 
a brownish-white solid (20 mg, 45%) after evaporation of 
the solvent. MS (FAB, m/z) 1978 (M+H) + , 1934 (M* — 
COCH3), 1571 (M + ~~COCH 3 , -3xCHsPh), 1646, 1430, 
1373, 1330, 1269. 

Example 24 

Preparation of Tetra-G-benzyl^+)-catechio- 
(4a-~*S)-(-)-epicatechin-(6— 4a)-letra-0-benzyl- 
(+)-catechin 

To a solution of tetra-0-benzyl-(+)-catechin-(4a^8)-(-)« 
epicatechin prepared by Example 11 (69 mg, 0.074 mmol) 
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and 4B-acetoxy ietra-0-benzyl-(+)-catechm prepared by title compound as a white ; foam (38 jmg,60%) after evapo 
Example 6 (51 mg, 0.074 mmol) in methylene chloride and 
THF (5 mL each), LiBr (65 mg, 10 eq) was added and the 
mixture refluxed for 24 hours. The solution was partitioned 
between ethyl acetate and water (25 mL each) and the 5 
organic layer dried over MgS0 4 . The solvent was evapo- 
rated and the residue subjected to silica gel chromatography 
where elution with ethyl acetate-roe thyleoe chloride (1:1, 
v/v) provided a white powdeF (35 mg, 30%) after evapora- 
tion of the solvent. MS (FAB, m/z) 1588 (M+H) + , 1255, 772 t 10 
648, 607, 560. 



ration. 3 H NMR (CDCQ 6^7.46-6.85 (28H, m,Ar-H), 6.25 
(1H, s t H-6), 6.18 {1H, d> J~2.3 Hz, H4), 5.20, 5.13, 5,02 
(4x2H, 4xs s 4*CH„), 4.99 (1H, s> H-2), 4.51, 4.33 (2H, 
AE>12 T 3) Hz, 3 -0CH 3 ), 3.65 (111, m, H-3), 2.0 (2H, s, 
OCOCH 3 ). 

Example 28 

Determination of Absolute Configuration 8-bromo 
Xetra-0-benzyl-(-)-epicalechin 



Example 25 

Preparation of 8-Bromo Tetra-0-beDzyl-(-)~ 
epicaiechin 

To a solution of telra-0-benzyI-(-)-epicatechin (Example 
2) (65 mg, 0.1 mmol) in methylene chloride (2 mL), 
K-bromosuccinimide (18 mg, 0.1 mmol) was added and the 
solution stirred under argon for 10 min. The mixture was 
filtered through silica gel followed by elution with 20 mL 
ethyl aceiate:raethylene chloride (1:1, v/v). The combined 
filtrate and eluant were evaporated. The residue was sub- 
jected 10 silica gel chromatography where elution with 
methylene chloride provided the title compound as shiny 
pinkish-white crystals (66 mg, 90%) after evaporation of the 
solvent. *H NMR (CDCy b H , 7.45-7.21 (21 H, tn, Ar-H), 
7 01 (lH t dd, J~L4 8.3 Hz, H-6), 6.96 (1H, d, J«8.3 Hz, 
U5% 6.23 (2H 3 s, H-6), 5.38 (1H, m, H-3), 5.21, 5.18, 5.10, 
4 97 (4x2H, 4xs, 4xCH 2 ), 5.01 (1H, s, H-2), 4.3 (1H, m, 
H-3), 3.03 (1H. dd, J-1.9, 17.4Hz, H-4), 2.89 (1H, dd, J«4., 
17.4 Hz, H-4), 1.55 (IB, d, J-4.8 Hz, OH). 

Example 26 

Preparation of 8-Bromo penta-0-benzyl-(~> 
epicaiechin 

To a solution of penta<>4>cnzyl~(-)-epicatechin (55 mg, 
0,074 mmol) in methylene chloride (2 mL) at 0° C, 
N-bromosuccinaraide (14 mg, 1 eq) was added and the 
solution stirred at rX for 30 min. The solution was passed 
through a 25 mm dia. column of silica gel (7 gm) which was 
e luted with methylene chloride (30 mL). The combined 
filtrate and eluant were evaporated to provide the title 
compound as a white foam (50 mg, 82.5%) after evaporation 
of the solvent, J H NMR (CDCy 5^ 7,43-6.90 (28H, m, 
Ar-H), 6.21 (1H, s, H-6), 517 (2H, s, CHJ, 5.09 (5H, s, 
2xCH 2 , H-2), 4.96 (2H, s, CH 2 ), 4.37, 4.27 (2H, AB, J-12,6 
Hz, 3-OCH,), 3.95 (1H, m, H-3), 2.94 (1H, dd, J-3.6, 17.1 
Hz, H-4), 2.78 (1H, dd, J-4.4, 17.1 Hz, H-4), 

Example 27 

Preparation of 8-bromo 4(3-acetoxy Pentabenzyi- 
(-)-epicaiechin 

To a mixture of 8-bromo penfabenzyi-(-)-epicatechiD 
(Example 26) (59 mg, 0,072 mmol) and lead tetraacetate (48 
mg, 1.5 eq) under argon, benzene (2 mL) was added, 
followed by 2 mL acetic acid, and the mixture stirred for 60 
hours at r.t. The solution was partitioned between ethyl 
acetate and water (50 mL each). The organic layer was 
washed with IN NaOH (2x50 mL), followed by water (50 
mL), saturated NaCl (50 mL), and was dried over Na 2 S0<. 
The solution was Altered and evaporated to provide an oily 
residue which was subjected to silica gel chromatography 
where elution with 20% .ethyl acetate in hexane provided the 



15 



20 



Crystals of 8-bromo tetra-0-benzyl~(-)-epicatechin were 
mounted on glass fibers and placed m a coSd N 2 stream at 
-44* C on a Siemens SMART CCD X-ray ditlractometer. In 
general, the crystals diffracted poorly, with few or no high- 
angle reflections and with weak intensities overall. The first 
three crystals did not diffract well enough to measure the 
unit cell even at longer than usual exposure times. The fourth 
diffracted well enough to refine a unit cell using fifteen 
reflections. Data were collected on this crystal using fifty 
second exposures for over two thousand frames to approxi- 
mately cover the diffraction sphere using Mo radiation. 
The unit cell volume indicated two molecules in the unit 
25 cell. Although one cell angle was clearly 90° and one was 
clearly different from 90° (92.6*), the third angle differed 
from 90° by 0.1° which is a larger error than usual for a 
monoclinic cell However, examination of possible system- 
atic absences showed an apparent 21 axis consistent with the 
30 monoclinic space group V'2 1 appropriate for a chiral com- 
pound. Subsequent successful structure solution and refine- 
ment in P2} supported that choice. The structure was solved 
by direct methods using the SHELX package (Sheidrick, G. 
M SHELXTL Structure Determination Software Programs: 
35 Siemens Analytical X-ray Instruments Inc. Madison, Wis., 
1990) of programs. Hydrogen atoms were placed in fixed, 
calculated positions. Phenyl rings in benzyl groups were 
refined isoiropically as rigid groups. No corrections were 
made for absorption or extinction. The following table lists 
40 the crystal data. 

TABLE 



45 



Crystal Data and Structure Refinement for 
8-bromo tetra-0-benzyl-(-)-epicalechin 



Empirical Formula 
Formula Weigh! 
Temperature 
Wavelength 
Crystal System 
50 Space Group 

Umt Cell Dimensions 



Volume, z 
55 Density (calculated) 

Absorption coefficient 

F(000) 

Crystal Size 

6 range for data 

collection 
. n Limiting tfidices 

Ou 

Reflections collected 
Independent reflections 
Completeness to 
8 - 23.44 c 

Absorption correction 
65 Refinement method 



729.64 
229(2)° K 
0,73073 A* 
Monolinic 

* - 35.9322(8) A* 
b * 4.8325(3) A° 

c « 22.4772(13) A° 
3719.42(17) A° 3 , 2 
l + 409Mg/m 3 
1.246 mm" 1 
756 

0,45 x 0.04 x 0.G4 mm 
1.28 to 23.44° 

-37 £ h £ 17,-5 £ k ^ 5, 
-24 ^ 1 £ 24 

13371 

4868 (R^ 0.2246) 
99.2% 

None 

Full matrix Jeast squares 
onF £ 



alpha * 90* 
beta * 

92.6390(10)° 
gamma - 90° 
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TABLE-continued 



Crystal Data and Structure Refinement for 
8-bromo tetra-O-benzyK-)- epicatechin 



Data/Restraints/ 
Parameters 

Goodness of ftt on F 2 
R indices (all) 
Final R Indices 
[l>2ofJQ3 
Absolute structure 
parameter 
Largest difif. 
peak and hole 



4868/1/274 
1,091 

Rl - 0.2263, wR2 * 0.4749 
Rl - 0,1515, wR2 - 0.3875 

O.0Q(S) 

1,857 and -1,268 eA°* 
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45 



50 



55 



10 



15 



HO, 
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The assignment of the correct absolute configuration was 
tested by calculation of the Flack 'x' parameter. This param- 
eter was indistinguishable from zero, indicating the correct 
configuration was assigned. A test refinement of the inverted 
configuration resulted in a Flack *x ? parameter value of 20 
0,95(5) and a significant increase in the R factors, both 
indicating that the assignment was correct. 

Example 29 

Preparation of (88) T (86), and (6< — >6) Linked 
Procyanidin Oligomers 

The steps described in this invention can be extended to 
provide procyanidin oligomers comprising (8* — *8), 30 

— >6) ? (6< — *6) interflavan linkages. These compounds 
are obtained from 6-bromo- and/or S-bro mo -(monomer) 
intermediates. Coupling of these brominated monomers with 
organotin derivatives by a Sfille reaction in the presence of 
a palladiumQ catalyst leads to the desired oligomeric 35 
linkage. (Stille, J. K,, Agnew, Ckem. Internal E± Engl., 25, 
508-524 (1986)). 

For instance, 8-bromo pemabenzyH-)-epicatechin pre- 
pared by Example 26 is reacted with hexaabutyl distannane 
to provide the alkyl stannane of pentabenzyl (-)-epicatechin. 
Coupling of this stannnane with another 8-bromo penta-O- 
benzyl (-)-epicatechin in the presence of tetrakis (triphenyl 
phosphine) palladium (o) in benzene provides the 
decabenzyl-(~)-epicatechin dimer with an (8< — >8) linkage, 
Deprotecting with H 2 /Pd provides the (-)-epicatechm- 
(8< — »8)-(-)-epicatechin in free phenolic form. 

Similarly, procyanidin oligomers comprising (8« — *6) or 
(fi* — *6) linkages can be synthesized using the appropriate 
6-bromo- or 8-bromo-(monomer) derivatives. Further, cou- 
pling of 8-bfomo- or 6-bromo- dimers, trimers and higher 
oligomers can provide "even" numbered procyanidin oligo- 
mers comprising (8* — >8), (8< — >6), and (6* — >f5) link- 
ages. 

Still further, coupling of blocked monomers used to 
prepare {4* — *6) linked oligomers as described in the inven- 
tion can be used in the Stille reaction to provide novel 
procyanidin oligomers comprising combinations of the 
(4* — »5) anc ] (4< — *g) linked oligomers with (S* — »8), 
(g« — >6), and (6* — *6) linkages. By way of example, the 
following structure illustrates and (8* — *8) and (4* — *8) 
linked procyanidin trimer. 




OH 



What is claimed is: 

1. A proces for preparing a protected procyanidin dimer 
having an (8-*8) linkage comprising the steps of: 

(a) reacting a protected catechin or epicatechin monomer 
having an 8-bromo group with a hexaalkyl distannate to 
introduce a triakyl stannate group at the C-8 position 
and provide an activated, protected monomer; 

(b) coupling the activated, protected monomer with a 
protected catechin or epicatechin monomer having an 
8»bromo group to form a protected (8-*8) dimer; and 

(c) optionally deprotecting the protected (8~*8) dimer, 

2. A process for preparing a procyanidin dimer having a 
(6-*8) linkage comprising the steps of: 

(a) reacting a protected catechin or epicatechin monomer 
having a 6-bromo group with a hexaalkyl distannate to 
provide an activated, protected monomer having a 
triakyl stannate group at the C-6 position; 

(b) coupling the activated, protected monomer with a 
protected catechin or epicatechin having an 8-bromo 
group to form a protected (6~*8) dimer; and 

(c) optionally deprotecting the protected (6~*8) dimer. 

3. A process for preparing a procyanidin dimer having a 
(4-*6) linkage comprises the steps of: 

(a) protecting each phenolic hydroxy! group of an epicat- 
echin or a catechin monomer with a protecting group 
which does not deactivate the A ring of the monomer; 

(b) activating the protected monomer by forming an 
acyloxy group at the C-4 position of the monomer; 

(c) coupling the activated* protected monomer with an 
unprotected epicatechin or catechin monomer having a 
halo group at the 8-position to form a partially pro- 
tected (4~*6) procyanidin dimer having a halo group at 
the 8-position of the bottom mer; 

(d) removing the halo group to form a partially protected 
(4--*6) procyanidin dimer. 
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ABSTRACT 



Processes are disclosed lor the production of linear and 
branched procyanidin oligomers having "n rt procyanidin 
monorneric units where n is 2 to 18. The processes include 
coupling protected, activated monomers with an unprotected 
monomer to produce a partially protected (4— *8) dimer. The 
dimer is optionally blocked, coupled with an activated 
protected monomer to produce a partially protected, option- 
ally blocked trimer, and deproteeted. The steps can be 
repeated to produce higher oligomers. Processes are also 
provided for producing (8^-8), (8— *6), and (6-*6) dimers 
and doubly branched oligomers. Crystalline 8~bromo tetra- 
O-benzyl (-)-epicatechin is produced under certain condi- 
tions. 

14 Claims, 8 Drawing Sheets 
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SYNTHETIC METHODS FOR PREPARING 
PROCYANHMN OLIGOMERS 

This application is a continuation of Ser. No. 09/292,244 
filed Apr. 15, 1999, now abandoned. 

FIELD OF INVENTION 

This invention relates to synthetic procyanidin oligomers 
and methods for making and using the oligomers. 

BACKGROUND OF THE INVENTION 

Polyphenols are a highly diverse group of compounds 
(Ferreira, D., Steynberg, J. P., Roux, D. G. and Brandt., E. V., 
Tetrahedron, 48 (10), 1743-1803 (1992)) which widely 
occur in a variety of plants, some of which enter into the 
food chain. In some cases they represent, an important class 
of compounds for the human diet Although some of the 
polyphenols are considered to be non-nutritive, interest in 
these compounds has increased because of their possible 
beneficial effects on health. 

For instance, quercetin has been shown to possess anti- 
carcinogenic activity in experimental animal studies 
(Decshner, E. E., Ruperto, J., Wong, G. and Newmark, H. L., 
Carcinogenesis, 7, 1193-1196 (1991) and Kato, R., 
Nakadate, T., Yamamoto, S. and Sugimnra, T., 
Carcinogenesis, 4, 1301-1305 (1983)). (+>Ca!echia and 
(-)-epicatechin have been shown to inhibit leukemia vims 
reverse transcriptase activitv (Chu, S.*C, Hsieh, Y~S. and 
Lim, J.-Y.,X of Natural Products, 55 (2), 179-183, (1.992)). 
Nobatanin (an oligomeric hydrolyzable tannin) has also 
been shown to possess anti-tumor activity (Okuda, T» 
Yoshida, T., and Haiano, 1% Molecular Structures and Phar- 
macological Activities of Polyphenols—Oligomeric Hydro- 
lyzable Tannins and Others— Presented at the XVIth inter- 
national Conference of the Group Polyphenols, Lisbon, 
Portugal, Jul 13-16, 1992), Statistical reports have also 
shown that stomach cancer mortality is significantly lower in 
the tea-producing districts of Japan, Epig allocated! in gallate 
has been reported to be the pharmacologically active mate- 
rial in green tea that inhibits mouse skin tumors (Okuda et 
aL, Ibid.). Ellagic acid has also been shown to possess 
anticarcinogen activity in various animal tumor models 
(Boukharta, NL, Jaibert, G. and Castonguay, A., Eflieacy of 
Ellagitannins and Ellagic Acid as Cancer Chemopre-ventic 
Agents — Presented at the XVIth International Conference of 
the Group Polyphenols, Lisbon, Portugal, Jul 13-16, 1992), 
Proanthocyanidin oligomers have been patented by the 



activity is elicited by peniameric through decameric 
procyanidins, but not by monomers through tetrameric com- 
pounds. Currently, gram quantities of pure (>95%) pentamer 
are obtained by time-consuming methods. These methods 
5 are not satisfactory for obtaining sufficient quantities of the 
pentamer for large scale pharmacological and bioavailability 
studies. Even greater eflori is required to obtain multi-gram 
quantities of higher oligomers (hexamefs through decamers) 
for similar studies since their concentration in the natural 
product is much less than the pentamer. Additionally, 
1G increasing oligomeric size increases structural complexity. 
Factors such as the chirality of the monomeric units com- 
prising the oligomer at different mterflavan linkage sites, 
dynamic rotational isomerization of the inierflavan bonds, 
conformational states of the pyran ring, and the multiple 
points of bonding at nuckophilic centers pose efficiency 
constraints on current analytical methods of separation and 
purification for subsequent identification. 

For instance, previous attempts to couple monomeric 
units in free phenolic form using mineral acid as the catalyst 
in aqueous media have met with limited success. The yields 
20 were low, the reactions proceeded with poor selectivity, and 
the oligomers were difficult to isolate. (Stynberg, R J., Nei, 
R. J., and Ferreira, D. ? Tetrahedron, 54, 8153^158 (1998); 
Botha, L J., Young, D. A., Ferreira, E, and Roux, D. J. J., /. 
Chem. Soc, Perkins Trans. 1, 1213-1219 (1981)). 
25 Benzylated monomers have been prepared by methods 
described by Kawamoto, FL, Nakalsubo, F. and Murkami K., 
Mokuzai Gakkashi, 37, 741-747 (1991) where benzyl bro- 
mide was used in combination with potassium carbonate 
(K^CO^), and dimethyl formamide (DMF). The yield, 
3Q however, was only about 40%. In addition, competing 
C-benzyJation leads to a mixture of products which makes 
isolation of the target monomer more difficult. Also, partial 
racemization of (+)-catechin at both the C-2 and C-3 posi- 
tions was observed (Pierre, M.-C. et al, Tetrahedron Letters, 
38: 32, 5639-5642 (1997)). 
35 Two primary methods for oxidative functiosalization are 
taught in the literature (Belts, M L, Brown, B, R. and Shaw, 
M. R., J. Chem. Soc, C 1178 (1969); Steenkamp, J. A. f 
Ferreira, D + and Roux, D, J,, Tetrahedron Lett., 26, 
3045-3045 (1985)). In the older method, protected (+)- 
40 catechin was treated with lead tetraacetate (LTA) in benzene 
to produce the 4p-acetoxy derivative which was then suc- 
cessfully hydrolyzed to the 3,4-diol. Flavan-3,4-dio!s are 
incipient electropmles in the biomimmetic synthesis of 
procyanidins. However, flavan 3,4-dioIs which have an 



Rikkoman Corporation for use as antimutagens, The use of 45 oxygen functionality at the C-5 position are not available 



phenolic compounds in foods and their modulation of tumor 
development in experimental animal modeks has been 
recently presented at the 202"^ National Meeting of the 
American Chemical Society (Phenolic Compounds in Foods 
and Their Effects on Health !, Analysis, Occurrence & 
Chemistry. Flo, C.-T., Lee, C. Y and Huang, M.-T editors, 
ACS Symposium Series 506, American Chemical Society, 
Washington, D.C. (1992); Phenolic Compounds in Foods 
and Their Effects on Flealth II. Antioxidants & Cancer 
Prevention, Fluang, M.~™ T, Flo, C.-T and I.ee, C. Y. editors, 
ACS Svmposium Series 506, American Chemical Society, 
Washington, D.C. (1992)). 

However, these citations do not relate to cocoa extracts or 
compounds therefrom or to any methods for preparing such 
extracts or compounds therefrom, or to any of the uses 
described in U.S. Pat. No. 5,554,645 issued Sep. 10, 1996 to 
Romanczvk et aL, U.S. Pat. No, 5,712,305 issued Jan. 27, 
1998 to Romanczyk et aL, and ELS, Pat. No. 5,650,432 
issued Jul. 22, 1997 to Walker et al. 

Isolation, separation, purification, and identification 
methods have been established for the recovery of a range of 
procyanidin oligomers for comparative in vitro and in vivo 
assessment of biological activities. For instance, anti-cancer 
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from natural sources and have to be synthesized. Oxidative 
functionalization of the prochiral benzylic position to form 
the 3>4-diols thus offers considerable potential in the syn- 
thesis of procyanidins. The major drawback of this reaction 
was a low yield (30™36%) of the acetate during the LTA 
oxidation. The more recent method of oxidative ly function- 
alizing the C-4 position relies on the use of 2,3~dichloro»5, 
6-dicyano-l > 4-benzoquinone (DDQ), In this method, the 
protected monomer was treated with DDQ in methanol. This 
allows introduction of a methoxy group at the C-4 position 
ir* a stereospeciftc manner. The yield Is about 40-50%. 

There are a number of reports on the coupling reaction 
between monomers and their 3,4-diols in aqueous acid. 
These methods are unsatisfactory because of low yields, lack 
of specificity, and difficulty in the purification from aqueous 
media. Kawamoto, IL t Nakatsubo, R and Murakami, K., J, 
of Wood Chem. Tech., 9, 35-52 (1989) report the titanium 
tetrachloride (TiCQ mediated coupling between 4-hydroxyl 
tetra-O-benzyl (+)-catechin and 5 equivalents (eq) of tetra- 
O-benzyl (+}hcatechm to produce a 3:2 mixture of 4a~~*8 
and 4p-~*8 dimers. 

Hence, there is a need for synthesis methods which 
provide large quantities of structurally defined oligomers for 
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in vitro a ad in vivo assessment. Such synthesis methods can 
lead to the creation of multiple configurations! oligomers, 
some identical to those found in nature, as well as rare or 
'"unnatural" types. Accordingly, it would be advantageous to 
develop a versatile synthetic process capable of providing 
large quantities of any desired procyanidin oligomer. 

SUMMARY OF THE INVENTION 

A process for the preparation of a partially protected 
procyanidin dimer is provided. It comprises the steps of: 

(a) protecting each phenolic hydroxyl group of a ealechin 
monomer or an epieatechin monomer with a removable 
protecting group which does not deactivate the A ring 
of the monomer, wherein the protecting step is carried 
out in an aproiic solvent; 

(b) optionally blocking the C-8 position of the monomer 
of step (a) with a halo group; 

(c) activating the monomer of step (a) or step (b) by 
introducing an acyloxy group al the C-4 position using 
a lead (IV) salt of an organic acid; and 

(d) catalytically coupling the monomer of step (c) with an 
unprotected catechin mooomer or an unprotected epi- 
eatechin monomer to form the dimer. 

A process is also provided tor the preparation of a linear 
procyanidin oligomer having 4->8 linkages. It comprises the 
steps of: 

(a) preparing a partially protected (4-*8) procyanidin 
dimer, where the phenolic hydroxyl groups of the top 
mer are protected with a removable protecting group 
which does not deactivate the A ring of the protected 
mer; 

(b) masking the the dimer of step (a) to form a dimer 
where the phenolic hydroxyl groups of the top mer are 
protected, where the phenolic hydroxyl groups of the 
bottom mer are masked, a nd where the hydroxyl groups 
at the C-3 positions of both mers are masked with a 
removable masking group which deactivates the bot- 
tom mer; 

(c) deprosecimg the dimer of step (b) to form a 
deprotecfed, masked dimer where the phenolic 
hydroxyl groups of the top mer are unprotected, where 
Ihe phenolic hydroxy! groups of the bottom mer are 
masked, and where the hydroxy! groups at the C~3 
positions of both mers are masked; 

(a) catalytically coupling She dimer of step (c) with, a 
protected catechin mooomer or a protected epieatechin 
monomer having an acyloxy activating group at the €-4 
position to form a (4-»8) trimer where the phenolic 
hydroxyl groups of the top mer are protected, where the 
phenolic hydroxy! groups of the middle mer are 
unprotected, where the phenolic hydroxyl groups of the 
bottom mer are masked, and where the phenolic 
hydroxyl groups at me C-3 positions of the middle and 
bottom mers are masked; 

(e) masking the trimer of step (d) to form a trimer where 
the phenolic hydroxyl groups of the top mer are 
protected, where the phenolic hydroxyl groups of the 
middle mer and bottom mers are masked, and where the 
hydroxyl groups at the C-3 positions of all the mers are 
masked; 

(1) deprotecting the trimer of step (e) to form a Irimer 
where the phenolic hydroxyl groups of the top mer are 
unprotected, where the phenolic hydroxyl groups of the 
middle and bottom mers are masked, and where the 
hydroxyl groups at the C-3 positions of all the mers are 
masked; 

(a) catalytically coupling the trimer of step (1) with a 
protected catechin monomer or a protected epieatechin 



monomer having an acyloxy activating group at the C-4 
position to form a (4-*8) tetramer; and 
(h) optionally repeating the masking, deprotecting, and 
coupling steps to form a higher oligomer where the 
number of mers are 5 to 18. 
In the following illustrative compounds, P is a protecting 
group, B is a blocking group, and M is a masking group. The 
following compound is illustrative of a partially protected 
procyanidin dimer such as that formed in slep (a) above. 



15 



25 




30 



The following compound is illustrative of a protected 
masked dimer such as that formed in step (b) above. 



4-J 




The following compound is illustrative of a deprotected 
masked dimer such as that formed in step (c) above. 
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The following compounds are illustrative of a protected, Tbe following compounds are illustrative of the 

masked linear trimer and a protected, masked, blocked linear unblocked and blocked protected, masked linear trimers of 
trimer. step (d), 
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A process is also provided for the preparation of branched 
procyanidin oligomers. It comprises the steps of: 

(a) preparing an unblocked or blocked, partially protected 
procyanidin dimer, wherein the phenolic hydroxyl 
groups of the top mer are protected with a removable 
protecting group which does not deactivate the A ring 
of the protected mer while the bottom mer has free 
phenolic hydroxyl groups; 

(b) coupling the dimer of step (a) with a unblocked or 
blocked, protected, activated procyanidin monomer lo 
form a branched trimer; 

(c) deprotecting the trimer of step (b); and 

(d) optionally carrying out one of the following steps in a 
sequential, alternating, or combinational fashion to 
provide procyanidin oligomers having 4 to 18 mers 
comprising (4-*8), (4-*6) (6-*4), and/or (8-*4) link- 
ages; 

i. coupling the oligomer of step (c) with an unblocked 
or blocked, protected procyaaidin monomer; 

ii. masking the oligomer of step (c), deprotecting the 
masked oligomer, and coupling the masked oligomer 
with an unprotected or protected, blocked activated 
procyanidin monomer. 

The free phenolic forms of the procyanidin dirners, linear 
procyanidin oligomers, or branched procyanidin oligomers 



35 are obtained by deprotecting the dimer or oligomer and, if 
necessary; de masking and/or deblocking the di.rn.ers or the 
oligomers. The dimers or oligomers may contain the same or 
different epicatechin or catechin mers. Preferably n is 5-12, 

4 q more preferably n is 5. In the linear oligomers the linkages 
are (4~*6) or (6->4) or are (4-*8) or (8-*4). Io the branched 
o ligomers at least one of the linkages is (4->6) or (6-*4) and 
at least one of the linkages is (4-*8) or (8-*4). 

45 

The protecting groups may be benzyl, p-methoxybenzyl, 
t-butyl, or trityl; benzyl is preferred, An aptotic solvent, e.g., 
dimethylformamide, dimethylacetamide, or dimethyl 
sulfoxide, is used in the protecting step; dimethytacet amide 

50 is preferred. The acyioxy activating groups are typically 
aceloxy, formyloxy or propionloxy; acetoxy is preferred. 
The activation is carried out using a lead (IV) salt, e.g., lead 
tetraacetate, lead tetraformate, or lead teiraproprionate. 

55 Preferably, the activating step is carried out also using an 
organic acid which is the same as that used in the preparation 
of the lead salt, Suitable organic acids include formic acid, 
acetic acid, and propionic acid. The preferred solvent for the 
activating step is benzene. The blocking group is a halo 

60 group, preferably a bromo or an iodo group. The deblocking 
step is curried out with an aikyl lithium, e.g., lert-buiyl 
lithium or n-hutyl lithium. The demasking step is carried out 
by base hydrolysis. The deprotecting step is carried out by 

fi 5 hydrogenolysis. 

A doubly branched oligomer having the structure: 




can be prepared by a process which comprises the step of: 40 

(a) protecting each phenolic hydroxy! group of a first 
procyanidin monomer with a first removable protecting 
group which does not deactivate the A ring of the 
monomer, wherein the protecting step is carried out in 

an aprotic solvent to provide a protected monomer; 45 

(b) activating for coupling the C-4 position of the com- 
pound of step (a) by introducing au aeyloxy group 
using a lead salt of an organic acid to provide an 
activated, protected monomer; „ fJ 

(c) coupling the compound of step (b) with an unprotected 
procy anidin monomer in the presence of a coupling 
catalyst to provide a partially protected dimer; 

(d) masking the dimer of step (c) to provide a masked, 
partially protected dimer; 55 

(e) deprotecting the masked, partially protected dimer of 
step (d) to provide a masked dimer; 

(f) coupling the masked dimer of step (e) with a 
4p~aceioxy protected procyanidin monomer to produce 
a trimer; 

(g) coupling the trimer of step (I) with a 4p-acetoxy 
procyanidin monomer to produce a procyanidin tet* 
ramer; 

(h) demasking the tetramer of step (g); and 

(i) coupling the tetramer of step (h) with a 4p~aeetoxy 65 
procyanidin monomer to produce a procyanidin pen- 
tamer. 



Steps to (i) can be repeated to produce a multiply 
branched procyanidin oligomer comprising n mers, where n 
is an integer from 6 to 18. 

A process for producing a procyanidin dimer having a 
(8* — *S) linkage is provided. It comprises the steps of: 

(a) reacting a first 8-bromo protected monomer with a 
hexaalkyl distannane in the presence of palladium(O) 
to provide a protected monomer-8-trialkyl stannane; 

(b) coupling the compound of step (a) with a second 
8-bromo protected monomer with tetrakis (triphenyl 
pho&phioe) palladium(o) in benzene to produce a 
(8<™>8) coupled dimer; and 

(c) deprotecting the compound of step (b) to produce the 
(8* — >H) dimer. 

A process is also provided for producing a procyanidin 
dimer having a (6« — >6) linkage. The process comprises the 
steps: 

(a) reacting a first 6-bromo protected monomer with a 
hexaalkyl distannane in the presence of palladium^ tin 
to provide a protected monomer-6-trialkyl stannane; 

(b) coupling the compound of step (a) with a. second 
6-bromo protected monomer with tetrakis (triphenyl 
phosphinc) palladium^ in benzene to produce a 
(6« — coupled dimer; and 

(c) deprotecting the compound of step (b) to produce the 

— * 6) dimer. 



US 6,864,377 B2 



15 



16 



Monomers comprising procyanidins have the structure: 

OH 
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A process is also provided for producing a procyanidin 
dimer having a (6* — *#) linkage. The process comprises the 
steps of: 

(a) reacting a first 6-bromo protected monomer with 
hexaalkyl dlstannane in the presence of palladium^ to 
provide a protected m.ooomcr-6-trialkyl stannane; 

(b) coupling the compound of step (a) with a second 
8-bromo protected monomer with tetrakis (tripheoyl 
phosphinc) palhdtum (t>> in benzene to produce a 
(6< — *S) coupled dimer; and 

(c) deprotecting the compound of step (b) to produce the 
{6« — *8) dimer. 

A process is also provided for producing a procyanidin 
dimer having a (8* — >6) linkage. The process comprises the 15 
steps: 

(a) reacting a first 8-bromo protected monomer with a 
hexaalkyl distannane in the presence of palladium^) to 
provide a protected monomer-8-trialkyl stannane; 

(b) coupling the compound of step (a) with a second 
6-bromo protected monomer with tetrakis (triphenyl 
phospbine) paiiadium (t3) in benzene to produce a 
(8* — *6) coupled dimer; and 

(c) deprotecting the compound of step (b) to produce the 
(&« — *6) dimer. 

The present processes offer important advantages and 
efficiencies over earlier processes for preparing procyanidin 
oligomers, these include better yields, better selectivity, and 
easier product isolation. By carrying out the protecting step 
in dimethylacetamide instead of dimethyl formamide, the 
partial and full protection of the phenolic hydroxyl groups is 
more readily controlled. 

The present invention further provides crystalline 
$-bromo-tetfa-0-benzyl (-)-epicatechln when dimethylac- 
etarmde is used as the solvent in the protecting step. 

DETAILED DESCRIPTION OF THE 
INVENTION 



20 
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Procyanidins include those found in cocoa beans obtained ^ 
from Theobroma cacao and various related cocoa species* as 
well as the genus Herrania and their inter- and intra-genetic 
crosses. 



Monomers comprising procyanidins include (+)<alechin, 
(-)-epicatechm and their respective epimers (e.g. (-)- 
catechin and (+)-epicatechin). 

Synthetic linear and/or branched oligomers having the 
following structures are illustrative of those that can be 
prepared by the above process. 

m the following linear oligomers n is an integer from 0 lo 
16. 



to 




In the following branched oligomers, the mers A and B 
can be from 1 to 15, with the total number of mers in the final 
oligomer being from 3 to 18. 



30 



35 



40 




In the oligomers n is an integer from 2 through 18, 
preferably 3 through 12, more preferably 5 through 12, and 
most preferably 5. The oligomers have interflavan linkages 
of (4~*6) and and/or (4->8). The oligomers prepared by the 
inventive process may be represented by the structures 
above. For the linear oligomer, when x is 0, the oligomer is 
termed a "dimer"; when x is 1 the oligomer is termed a 
"trimer"; when x is 2, the oligomer is termed a ^tetramer"; 
when x is 3, the oligomer is termed a "pentarner"; and 
similar recitations may be designated for oligomers having 
x up to and including 16 and higher, such that when x is 16, 
the oligomer is termed an "octadecamer." For the branched 
oligomer, when B A or B is 1, the oligomer is termed a 
"trimer"; with similar recitations such as those described for 
the linear oligomers. 

Stereoisomers of the oligomers are encompassed within 
the scope of the invention. The stereochemistry of the 
monomers comprising an oligomer can be described in 
terms of their relative stereochemistry, i.e., ''alpha/beta" or 
"eis/traos", or to terms of their absolute stereochemistry, i.e., 
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"R/S'\ The term l< alpha" (a) indicates the subs titue tit is 
oriented below the plane of the fiavan ring, whereas the term 
"beta" (|3) indicates that the substituent is oriented above the 
plane of the ring. The term "cis" indicates two substituents 
are oriented on the same face of the ring, whereas the ierm 
''trans" indicates two substituenls are oriented on opposite 
faces of the ring. The terms *'R" and "S" are used to denote 
the arrangement of the substituents about a stereogemc 
center, based on the ranking of the groups according to the 
atomic number of the atoms directly attached to the stereo- 
genie center (OP convention), . 

There are multiple stereochemical linkages between posi- 
tion C-4 of a tlavan 3-ol monomer and positions C-6 and C-& 
of the adjacent monomer The stereochemical linkages 
between monomeric units is designated herein as (4a-»6) or 
(4p-*6) or (4a-*8) or (4f3-*8) for linear oligomers. For 
linkages to a branched or junction monomer, the stere- 
ochemical linkages are (6-*4a) or (6^*4p) or (8-^4a) or 
(8-*4(3). When (+)-catechin, designated herein as C, is 
linked to another C or to (~)-epieatechin, designated herein 
as EC, me linkages are advantageously (4a-*6) or (4a -*8). 
When EC is linked to C or another EC, the linkages are 
advantageously (4p™*6) or (4(3~~>S). 

Linear and branched oligomers can be prepared by the 
methods of the present invention using the steps of 
protecting, activating, coupling, masking, blocking, 
deprotecting, demasking and deblocking. In each reaction 
sequence the catechin or epicafechin monomers can be used 
to prepare linear or branched oligomers containing the same 
or differed monomers. Higher oligomers can be prepared by 
repeating the coupling of a dimcr, trimer, etc, with an 
additional catechin or epicatechin monomer using the above 
steps. 

Examples of the compounds which can be synthesized 
according lo the method of the invention include dimers; 
EG<4p-*8>EC and EC<4p-*6)-EC, wherein EC-(4p-*8)- 
EC is preferred; trimeis [EC-(4p-*8)] 2 -EC, [EC-(4p— 8)] 2 - 
C, and [EC-(4P— 6)].-EC, wherein [EC-(4p-*8)] 2 -EC is 
preferred; fetramers [EC-(4|3— 8)1,-EC, [EC-(4(3— SJi-C, 
and [EC-(4p-*S)] 2 -EC-(4p~*6)-C wherein [EC<4p-*8)V 
EC is preferred; and pentamers [EC^-^J.-EC, [EC- 
(4P— 8)33-EC-(4p-* 6)-EC, fEC-(4p-*8)] 3 -EC-(4p»*8)-C > 
and [EC-(4j3^8)] 3 -EC-(4p^6)-C, wherein [EG{4p-*8)] 4 - 
EC is preferred. An example of a branched trimer is 



EC- (4(5 - 8>£C 

I (6 — 4ft)-EC; 

an example of a branched tetramer is 

rKC-(4p-*S)] r EC 

I (6 ~* 4a) EC; 

an example of a branched pentamer is 



L. 



(fj 4ft) EC. 

Additional compounds which can be synthesized include 
the following; 

(i) a hexaraer, wherein one monomer (C or EC) is linked 
to a pentamer compound listed above, e.g., [EC- 
(4p-8)] 5 -EC, [EC-(4p~>S)],-EC-(4p^f))-EC, [EC- 
(4p->8)] 4 -EC-(4p— 6)-C, and [EC-(4p-8)] 4 -EC- 
(4p-*6)-C; wherein [EC-(4p-*8)] 5 -£C is preferred, 
with an example of a branched hexamer being 
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[EC^W8)] 4 -BC 



4|5>LiQ 



(ii) a heptamer, wherein any combination of two mono- 
mers (C and/or EC) is linked to one of the above 
pentamers, e.g., [EC-(4p-*8)3 P -EC, [EC-(4p^8)] r 
EC-(4p-*6)-EC, [EC-(4p-*8)] 5 -EC-(4p-*8)-C, and 
[EC^(4p^8)] 5 ^EC>(4p->6)-C, wherein [EC-(4|3-*8)j 
6 -EC is preferred with an example of a branched 
heptaoier being 



[EC-(4p - 8)] S -EC 



L 



(6 — 40)-EC, 

(iii) an octamer, wherein any combination of three mono- 
mers (C and/or EC) is linked to one of the above 
pentamer, e,g., [EC~(4p~>8)] r EC, [EC-(4P^S)] ti - 
EC-(4P^6)-EQ [EC-(4p-*8)] <s -EC-(4p— 8)-C, [EC- 
(4p^8)]^EC-(4J3—6)-C, wherein [EC-(4p^8)] 7 -EC 
is preferred with an example of a branched octamer 
being 



IEC-(4p~*8)] 6 -EC 



4fi>EC; 



(iv) a nonamer, wherein any combination of four mono- 
mers (C and/or EC) is linked to one of the above 
pentamers, e.g., [EC-(4p-*8)] 8 -EC, [EC-(4p-*8)] 7 - 
EC-(4p-*6)-EC, [EC-(4p^8)] 7 -EC-(4p-8)~C, [EC- 
(4P^8)] 7 -EC-(4p-*6)-C, wherein [EC^p^S^-EC 
is preferred with an example of a branched nooamer 
being 



[eC-(4|l-.S)j r EC 



4|Jj.BC; 



(v) a de earner, wherein any combination of five mono- 
mers (C and/or EC) is linked to one of the above 
pentamers, e.g., [EC-(4p-*8)]g-EC, [EC-(4p^S)] s ~ 
EC-(4p-6)-EC, [EC-(4p^S)] 8 -EC-<4p~*8)*C, [EC- 
(4P-8)] S -EC-(4P-*6>C, wherein [EC-^p^S^EC 
is preferred with an example of a branched decamer 
being 



[EC-(4|J ™> 8)3g-EC 



(6-* j 



l-EC: 



(vi) an undecamer, wherein any combination of six mono- 
mers (C and/or EC) is linked to one of the above 
pentamers, e.g., [EC-(4p-*8)] 10 -EC, [EC-(4p->8)]5- 
EC<4p-6)-EC,[EC-{4p->S)] 9 -EC-(4p™>8)-C,[EC- 
(4p-*8)] & -EC-(4p-*6)-C, wherein [EC-(4p^8)] l0 ~EC 
is preferred with an example of a branched undecamer 
being 



[IiC-(4ft — 8)] y -EC 



U- 



4(3>EC: 



(vii) a dodecamer, wherein any combination of seven 
monomers (C and/or EC) is linked to one of the above 
pentamers, e.g., [EC-(4p~*8)] ia -EC, [EC-(4fl-*8)] 10 - 
EC-<4p—6>EC, [EC-(4f-8)] 10 -EC-(4p-~>8)-C\ [EC- 
(4p-*8)] 10 -EC-(4p^6)*C, wherein [EC-(4p~*8)] n - 
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EC is preferred with an example of a branched 
dodeeamer being 

[EC-(4^^8)] jr EC 

The aforementioned list of oligomers is illustrative and is 
provided to illustrate the types of compounds that eaa be 
prepared by the methods of the invention and is not an 
exhaustive list of compounds encompassed by the invention, 
The oligomers can be separated and puri&ed by the methods 
disclosed in U.S. Pat. No. 5,554,645 issued Sep, 10, 19% to 
Romanczyk et al. and U.S. Pat. No. 5,712,305 issued Jan. 
27, 1998 "to Romanczyk et al. 

One skilled in the art will appreciate the rotation of a 
number of bonds within an oligomer can be restricted due to 
sterie hindrance, particularly if the oligomer is substituted, 
such as with benzyl groups. Accordingly, ah possible region 
somers and stereoisomers of the compounds prepared by the 
invention are encompassed within the scope of ihe inven- 
tion. 

Definitions 

As used herein, a "protecting group" is a removable group 
which replaces the hydrogen of the phenolic hydroxyl 
groups in the procyanidin monomers or oligomers. The 
group should be removable under conditions which do not 
affect the procyanidin oligomers. 

As used herein, a "blocking group" is a removable group 
which directs the coupling by blocking Ihe OS-position of 
the A ring of a catechin or epicatechin monomer or a 
procyanidin oligomer, thus directing coupling with another 
procyanidin monomer to occur at the C-6 position of the A 
ring. The group should be removable under conditions that 
do not alfect the procyanidin oligomer. 

As used herein, a "masking group" is a removable group 
which masks the unprotected phenolic hydroxyl and the C-3 
hydroxyl group(s) of a procyanidin monomer or higher or 
oligomer during the coupling of the dimer or higher oligo- 
mer with another procyanidin monomer. The group should 
be removable under conditions that do not affect the pro- 
cyanidin oligomer. 

As used herein, an "activating group" is an acyloxy group 
which activates the C-4 position of the C ring of a procya- 
nidin monomer, dimer, or higher oligomer and results in 
coupling with another procyanidin monomer or oligomer at 
that position. 

The term "combinational" used herein refers to the pos- 
sible regiochemieal linkage possibilities for preparing any 
given procyanidin oligomer. For instance, a linear procya- 
nidin tetramer can be comprised of (4->S) and (4-~>6) 
linkages between the monomers comprising the tetramer. 
For synthesis purposes these linkages result in separate 
compounds which can have different biological activity. For 
structure -activity studies it would be advantageous to pro- 
vide a series of these oligomers to determine the importance 
of regiochemieal linkages to biological activity. For a linear 
tetramer the possible linkages are as follows: 
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which necessitate the need for a synthetic procedure to 
prepare 8 different teframers, each requiring different steps 
for preparation. 

; Protecting Groups 

The protecting groups useful in this invention are electron 
donating moieties that function to activate catechin and 
epicatechin monomers at the C-4 position. In the C«4 
activation reaction, electron donating phenolic protecting 

10 groups function to stabilize, and thereby assist in the for- 
mation of the intermediate C-4 benzylic cation formed by 
oxidation of ihe protected monomer with a lead (IV) salt. In 
the coupling reaction, an electro philic aromatic substitution 
reaction, &e electron donating phenolic protecting groups 
function again to stabilize, and thereby assist in the forma- 
tion of the C-4 benzylic cation by treatment of the C-4 
acyloxy substituted catechin ox epicatechin monomer (an 
activated monomer) with a Ijewis acid catalyst. In the 
coupling reaction, the electron donating phenolic protecting 
groups also function to increase the differences in reactivity 

20 between the various aryl moieties that may be present in the 
reaction. As described below, unproiected catechin or epi- 
catechin monomers or selected unprotected (deprotected) 
monomelic units of a procyanidin oligomer are used as 
nucleophiles in the coupling reaction. The C-4 acyloxy 

25 substituted, protected catechin or epicatechin monomer, on 
treatment with a Lewis acid, functions as the electrophile. 
The unprotected procyanidins function as nucleophiles 
because they possess higher election densities, that is higher 
nucieophUicities, than the protected procyanidin monomers, 

39 Any self-coupling between protected procyanidin mono- 
mers is limited due to the comparatively higher nueleophi- 
licides of the unprotected procyanidins. 

Among the various protecting groups, benzyl groups are 
preferred because they are more easily removed under mild 
35 conditions such as hydrogenolysis. Another advantage of 
benzylation (excepl, for example, p-nitro benzyiaiion) is that 
it will not deactivate the aromatic ring toward coupling 
when the procyanidin monomers or oligomers are acting as 
nucleophiles. Surprisingly and quite unexpectedly, changing 
the aprotic organic solvent used in the protecting step from 

40 dimethyl formamide (DMF) to dimelbyl acetamide (DMA) 
resulted in an increased yield of the protected oligomer, 
perhaps due to the fact that the slightly higher dielectric 
constant of DMA may be favoring the O- alky la tion. The 
yield was at least about 50%, typically about 60% to about 

45 70%. In addition, no extra clean -up procedures were 
required and the products were readily crystallized. 
Examples 1 and 2 describe the specific conditions for the 
preparation of tetra-G-benzyl-(*)-catechin and tetra-O- 
bcnzyl~(-)-epicatechm. Further investigation of the solvent 

50 system indicated that potassium carbonate (K 2 C0 3 ) was 
preferred over sodium carbonate (Na 2 C0 3 ) because of its 
solubility wilhin the preferred solvent system. It was found 
that potassium iodide can be used in catalytic amounts in 
combination with benzyl bromide, 

S5 Another useful protecting group for (~)-epicatechin is 
p-mefhoxy benzyl (PMB) groups, if PMB is selected as a 
protecting group in preparing a partially protected procya- 
nidin dimer, then the protecting step farther comprises 



Tetramer 1 Tetramer 2 



4^3 4^6 
4~*S 4-6 
4—8 4—6 



Tetramer 3 Tetramer 4 



4^g 4^g 
4—8 4—6 
4—6 4—8 



Tetramer 5 Tetramer G 



4~>6 4—6 
4-*S 4— S 



Tetramer 7 Tetramer 8 



4—6 4— & 

4— S 4—6 
4—6 4—6 
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acetylaung the procyanidin monomer followed by treatment dmitrobenzenesulibnyl Preferably, the masking group is 

with sodium hydride, PMB-chloride aad DMF in water to acetyl Masking of unprotected phenolic hydroxyl and 0-3 

remove the phenolic acetate groups, resulting in alkylation hydroxy! groups of procyanidin oligomers may be aceom- 

of the phenoxide ions with PMB. When utilizing DMA as pffehed using any conventional technique for replacing the 

the solvent in ithc ^ prolong step PMB groups should not be 3 hvdjf0gen of the hydroxyis with suitable masking groups 

used. Tctra-O-PMB-(-) epicatecmn can be prepared usmg * u tU ■ i «■#■ I it. -in. ♦ i -» 

+u , u V * j t tlt t f tl f n such as those identified above. Tha reagents used will 

the procedure bv Kawamoto. 11., Nakatsubo, K and i , „ , . , . .° t 

Murakami, K. Synth. Common., 26, 531-534 (1996), depend on the masking groups bemg introduced and are well 

Peataacetyl(-)-epicatechin is first prepared (as described in known jo the art 

Example 3 below) by treatment with sodium hydride (NaH), ^ 

p-methoxybenzyl chloride (PMBC1), dimethyl formamide Coupling Reaction 
(DMF) and water in m amount sufficient (4 eq) to generate 

the equivalent amount of base to remove the four phenolic | n the process of ihis invention, the use of a coupling 

acetate groups in succession. The resultant phenoxide ions catalyst such as a Lewis acid (e.g. lithium bromide) is 

undergo rapid alkyiation with the PMBC1. Examples 4 and p re f erre d. The use of a 4|3-acetoxy derivative as the dec- 

5 describe the specific conditions by which penataacetyl Mk fa ajso ferred . The se | ectivity of ihe coupling 

{^Waieehm and telra-0-p-methoxybenzyl-3-acetyl-(-) epi- . . ' r.u T •+ 

catechin were prepared, reaction is significantly improved thereby. The use of Lbe Li 

m T .„ , , ' , < . - as a counter ion favored Oaikvlaiion over O-alkvlatiom 

The skilled artisan will recognize that other protecting 

groups such as lert-butyl, trityl and 2,4-dimethoxy benzyl When methanol is added to a refluxing methylene chlo- 

can be used 20 ride solution of 4p-acetoxyteira-0-benzyl-(+)-catechin and 

C 4 Activation ^P-methoxy t©tra*0-beDzyK+)-catechm is formed in 

' • - ' significantly higher yield (see Example 10). The p sterc- 

Allering the OA reaction conditions to 1:1 benzene :acetie ochemistry is assigned on the basis of the coupling constant 

acid eventually produced the highest yield (60-70%) and the of 3.5 Hz between H-3 and H-4 which indicates a cis 

stereospecific 4f> product. Other useiul solvent mixtures relationship. This reaction does not occur when a halide such 

include benzene, toluene, ehlorobenzene, cydohexane, as LiBr is not employed as the Lewis acid. In this reaction, 

heptane, carbon tetrachloride, or mixtures thereof, admixed the acetoxy is displaced by the haiide which then imrnedi- 

with an organic acid, which is the same as that used io ately reacts with the methanol, acting as a nucleophile, 

prepare the lead (IV) salt used in the aetivadon reaction. ^ thereby driving the reaction to equilibrium, 

The lead salts of organic acids are employed in the ' It was unexpected that the use of LiBr as the Lewis acid 
activation step, e.g., lead tetraformate, lead tetrapropiooate, wcm!d dj _ jve the coupHng reaclion b^en 4 p-aeetoxy tetra- 
arid the like. Preferably, the corresponding organic acids, O-benzvI monomer and another monomer acting as the 
U., formic and propionic acids, are used m combination nucle0 p hilej therd}y eliminating the step of preparing a 3,4 
with the lead salt to improve the yield. The preferred salt is J5 ^ of ttje monomer 
lead acetate and the preferred combination is lead tetraac- 
etate and acetic acid, To test this unexpected finding and gain insight into the 

Examples 6^9 describe the specific conditions for the potential application of this reaction, 4j3~acetoxy tetrad 

preparation of 4|3-acetoxv tetra-G4xnzyH-)-epicatechin, benzyK+)*catechtn was reacted with (~)-cpieatechin in the 

4|^hydroxyi tetra>0-benzvi-(+)-catechin, 4f3-hydroxvl tetra- 40 P^sence of LiBr as described m Example 11. The resultant 

0-bcDZyl-(™>qncatechm, and 4p-acctoxy tetra-O-benzyl- dimer obtained was 90% pure and the yield was 62%. The 

(+)*cat^chm ^ NMR spectrum indicated one singlet at 65.85 for 1 H and 

a pair of doublets at 56.19 and 6.16 each integrating to 1H 

Masking Groups with a typical m-couplkig of 1.5 Hz which indicated the 

r,, , . f , ■ - r ^ , «*wh« formation of only one isomer. Treatment of the dimer with 

The masking groups uselul m this invention are electron 45 . , . , : . ,. . , 4l _ , . A ,„ 

withdrawing moieties that function to deactivate selected a =f c anhydr.de/pyndme formed he hexaacetate (Example 

< <» r -j- t ■ + u 13) and, as expected, the singlet tor the C-o hydrogen 

monornenc umts of procyanidin oligomers m the elector- f ' f J » i 

phihe aromatic substitution coupling reaction described shifted downfield to 66 52 The doublet for the C-4 hydrogen 

hereinbelow. When procyanidin oligomers are used in the had a ^P lln S of , y - 6 i" 1 f.' indlcatin § tbc a co f&*- 

coupliug reaction, it is imperative thai an activated monomer so f l f a Th f Tf V ^ ^ dm ™ % ™ *P n *?* d 

does no! randomly react with different raonoroeric units of hydrogen/palladium, . > (H 2 /Pd) to obtam the dimer (+)- 

the oligomer. Masking groups are used to increase the catechm^-8H-).cpicatechin (see Example 12). HPLC 

differences in reactivity between the different monomeric ( F f' 1B > lndlc f d « L5* Utlon t0 the abOT * 

. 4 r M ^ r-l. a rtf , ^ „,:*u^™,;«^ dimer, another unknown dimer (13.^%) was present as well 

units of an oligomer. Use 01 electron withdrawing moieties ' v y ^ 

as masking groups deactivates the monomeric units of the 55 % \ X ™? *™ mt ° f tnm ° r ^ co f ^ atl0n 

oligomer bearing the masking groups towards coupling with of the diI f r 5 strucmre w K as ?* d \^ P reparu J g *? ° CtaaC ^ 

an activated, protected monomer. Accordingly, in the P ro< ^ ate afld + ^^T? 1 r" 1° ^ U f T ^ 

cess of this invention, an activated monomer selectively (Kawamoto, IT, Nakatsubo, K and Murakami, K.J. Woorf 

reacts with an unprotected monomeric unit of a partially Cfiem - iech -> y > 3S y2 (iy8y)). 

masked oligomer due to the high reactivity (nucleophilicity) eo To study the surprising results using the LiBr coupling 

of the unprotected monomeric unit and the reduced reacliv- reaction, the coupling between 4p-acetoxy tetra-Obenzyl- 

ity of the masked monomeric units of the oligomer. (-)-epicatechin and (~)~epicatechin was performed as 

Masking groups that are useful in the process of this described in Example 15 (reter to Example 17 for the 

invention include acyl groups such as acetyl and propionyl, catechin dimer). The dimer (-)-epicatechin-(4p-™5 , 8)-(-)~ 

aroyl groups such as benzoyl, carbamate groups such as ti5 epicatechin was obtained after hydrogenolysis (Example 

N-phenyl carbamate, carbonate groups such as methyl 16). As shown in the following table, appreciable amounts of 

carbonate, and arylsulfonyl groups such as 2,4- triroers and tetramers occurred in this reaction. 
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TABLE 1 
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Li.Br Coupling Reaction 



Monomer 1 



Monomer 2 % Dimer* % Tt'wicr* % Tcfcamer" 



3.8 



4;? 



4j5-acctoxy teJra-O-bcszyi (-)-cpicalBchui 71 A 23.5 
(+)-calechLn 

4|5-acetoxy tetra-O-beazyl (-)-epicatechm 44,7 16,8, 9.3 4.5 ? 33 

(-)-epicaLechm 

4(5-acetoxy tetra-O- benzyl (+)-catcchtn 68.0** — — 

;V;-.'aU-;:hin 

*HPLC-MS ai^ysis in negative ion mode (NH 4 OII) @ 0.04 niL/mia; fragmeator 75; 
Veap 3G0G. (Sec' also WG$. lAand 1B> 
**YieJd baaed on silica gel chromatography. 



This table indicates that only one primary dimer results 
from this reaction . The manipulation of reaction time and 
amounts of reactant monomers can reduce the presence of 25 
higher oligomers. Additionally, it has been observed that 
tetra benzyl -monomers do not act as nucleophiles in the 
lithium bromide coupling reaction. The free phenolic 
hydroxyl groups are necessary to increase the activity of the 
aromatic ring towards coupling, This is significant, since it 30 
offers a means to differentiate between rings capable of 
participating in the coupling and rings not capable of par- 
ticipating in the coupling, 



Coupling reaction yields have also been unproved by 
using lithium iodide (Li I) as E^wis Acid (see Example 20), 
Also, the reaction between 4p-acetoxy tetra-0~benzyl-(*> 
catechin and (-)-epicatechm was completed in only 18 hours 
with a yield of 85% after chromatography. In Example 11 
where lithium bromide was used, and the yield was only 
62% after 24 hours. 

This coupling procedure can be used for higher oligomers 
other than the dimer as shown in the following reaction 
schemes. 
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-continued 
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OAc 
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Since the phenolic hydroxy! groups in the A ring are 
bcnzylatcd, coupling occurs only at the C-6' position of the 
D ring and leads to the formation of a branched trimer. This 60 
was successfully tested by reacting tetra~0-benzyl-(+)- 
calechin-(4a^8)-(-)-epieatechin (see Example 11) with 
4|3-acetoxy terra-0-benzyl-(+)-cateebin (see Example 6) 
with LiBr in THF-methylene chloride. A spot was isolated 
from Thin Layer Chromatography (TLC) where the 2 H 65 
NMR was too complicated to interpret. However, mass 
spectral analysis showed that the molecular ion peak at m/z 



1861 corresponded to the desired structure in which one of 
the hydroxy^ groups was not acetylatcd. The reaction was 
repeated and the same product isolated. The mass spectrum 
clearly showed the formation of this branched trimer where 
(M+Na)* at m/z 1610 and (M+H) + at m/z 1588 were 
observed with typical retro Die Is Aider cleavage fragmen- 
tation. A third replicate reaction was conducted for a longer 
time and again the mass spectrum was consistent with a 
branched irimer whose tentative structure was assigned as 
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3^acetyl-tetra-0-beazyi-(+)-catechin-(4a-*8)-peniiiacetyl- 
(-)-epicatechiti (see Example 13) using the conditions speci- 
fied in Example 18 to result in the preparation of 3-acetyl- 
tetra-04}enzyl-(+)-catechin-(4a^8)-3-acetyl-tetra»0~ 
henzyH~)"epicatechin. Hydro genolysis (see Example 19) 
provided the recovery of tetra-0-benzyl-(-f-)-catechin- 
(4a^8)~tetra-0-benzyl-(-)<picatechin which was then 
hydrogenoiysed to the free dimer, proving the feasibility of 
this procedure. 



tetra-0-benzyl-(4>catechin-(4a^8)-(-)-epicatechin- 
(6^4a)-tetra-0-henzyI^+)-catechin (see Example 24). 

For the synthesis of linear oligomers, a strategy of selec- 
tive activation-deactivation of the rings capable of parties 
pating in the coupling reaction was developed. In this case, 
the partially benzyiated dimer was acetylated and then 
hydrogenoiysed, allowing the preparation of a dimer with 
free phenolic hydroxy! groups (OH groups) in the A/B rings, 
and with acetate groups in the D/E rings. The electron 
withdrawing acetyl groups deactivated the D ring and thus 
allowed coupling with the 4p-acetoxy monomers to occur 
regioselectively at the C-8 position of the A ring. The 
resultant trimer can be subjected to the same process of 
acetylation and debenzylation followed by coupling with 15 
another 4[3-&cetoxy monomer to produce a tetramer. Rep- 
etitions of these steps leads to oligomers of increasing size. 

This process was confirmed where the partially protected 
dimer of Example 11 was acetylated (see Example 13) and ^ 
iheo hydrogenoiysed (see Example 14). Doubling of NMR 
peaks was observed which is indicative of ro tamers. NMR 
spectra taken at higher temperatures (313° K.) simplified the 
spectrum, confirming the existence of the rotamers. 
Interestingly, performing the hydrogenolysis in ethyl acetate 25 
enabled the isolation of mono-0-benzyl-3*acetyH+)- 
catechin (4a-*8)-pentaacetyl-(~)-epicatechin whose NMR 
spectrum is shown in FIG. 7. When this oligomer was 
hydrogenoiysed, the product was the same as that obtained 
previously. Reacting 3-acefyl-(*>catechin-(4a->8)- 
pentaacetyl-(-)-epicatechin (see Example 14) with 
4|3-acetoxy tetra-0-benzyl-(-)-catechin (see Example 6) 
resulted in the desired product, i.e., telra-O-benzy! (+)- 

catechin (4a-*8)-3-acetyl (4-)-catechin (4a-*8)-pentaaoctyl 35 pling of the 8-bromo monomers with 4p-acetoxy tctra-O- 



Blocking Groups 



On the basis of the above steps, methods for the synthesis 
of (4-*6) intern" avan linkages between monomers have been 
developed. For example, monomers can be benzyiated in 
high yields using the DMA solvent system previously 
described. The benzyiated monomers can be brominated at 
the C-8 position to provide S -bro mo- ietra-O -benzyl mono- 
mers as shown in Examples 25 and the several variants 
shown is Examples 26, and 27, and Example 28 describes 
the absolute stereochemistry for 8-bronK>te!ra-0-(-)- 
epieatechm- Deprotecting these derivatives results in the 
preparation of the 8-bronio monomers. The resultant bromo 
derivative effectively blocks coupling at the C-8 position t 
thus directing coupling to occur at the C-6 position. Cou- 
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(~)-epicatechm (see Example 20). The mass spectrum 
(APC1, negative ion mode) indicated a strong molecular ion 
peak at m/z 1479.6 which was identical to the calculated 
mass for C BS H 74 0 24 (1479.5). Mass fragments at m/z 1437, 
1389 and 1347 were consistent for the loss of acetyl, benzyl 
and acetyi/benzyl groups from the parent compound. FAB 
MS showed a molecular ion peak at m/z 1482 (M+H)* and 
a fragmentation pattern consistent for tetra-O-benzyl-3- 
acetyl(4-)-catechin-(4a~*8)-pentaacetyI^)*epicatechin. 

Similarly, the linear tetramer was formed by preparing 
telra-0-benzyl-(+)-catechin<4cx->8)-3-acetyl-(+)-catechin- 
(4tt->8)~pentaaeetyl(-)-epieatedmi (see Example 20) 
which was acetylated to tetra*0-benzyS-3-acctyl-(+)- 
catecbin-(4a-*8)-pentaacetyl-(+)-catechin-(4a~*8)- 
pentaacetyi(-)-epicatechin (see Example 21). Hydrogenoly- 
sis of the above compound (see Example 22) produced 
3-acefyl-(+)-catechin-(4a-^8)-peniaaceiyl-(+)-catechin- 
(4a-*8)-pentaacetyl (-)-epicatechin. Coupling 3-acetyl-(+)- 55 
catechin-(4a-*8)-pentaacetyl-(+)-catechin-(4a~*8)- 
pentaacetyl (-)-epicatechin with 4p-acetoxy tetra-O-benzyl- 
(^)-catechin (see Example 6) resulted in the formation of the 
tetramer tetra*0-benzyl-(+)-catechin-(4a-*8)-3-acetyl 
pentaace tyH +)-ca.techin-(4a->8) -pentaacety l~(*>catechin- 60 
(4tt-*8)~pentaacetyl (-)-epicatechin (see Example 23). The 
FAB mass spectrum showed the molecular ion peak at m/z 
1978 which is consistent with the structure. 

An in situ replacement of She phenolic acetate groups with 6S 
benzyl groups has also been developed. The in situ replace- 
ment of the acetyl for benzyl groups was conducted on 



benzyl -monomer under the conditions of the lithium bro- 
mide procedure results in the formation of a (4-*6) dimer. A 
typical reaction scheme is illustrated below. 



oik 





OH 
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Denomination (i.e., deblocking) is effected at low tem- 
perature (-78° C) in solution with a .suitable alkyl lithium 
compound such as n-bulyl lithium or tert-butyl lithium, 



followed by protonation of the resultant dimer by a weak 
protic acid (e.g., water). By employing the additional steps 
embodied in the invention, the (4-*6) dime r can be extended 
to higher oligomeric size, comprising variations of regio- 
and stereochemistry previously described. 

Deprotection and Demasking 

The reagents used in the deprotection step will depend 
upos the group being removed. For example, when remov- 
ing the benzyl protecting groups, hydrogen oly sis is carried 
out using the conditions set forth in Examples 12, 16 and 22, 
When the masking groups are removed, alkaline hydrolysis 
is carried out using the conditions set forth in Examples 5 
and IS. 

Alternatively commercial lipase can be used to enzymati- 
cally deacetylaie the protected oligomer. Removal of the 
protecting or masking groups can be accomplished using 
any conventional techniques provided the techniques do not 
adversely affect the pracyamcJIn oligomer. 

Compounds of the Invention 

Novel compounds that can be produced by the process of 
the invention include novel multiple branched, preferably 
doubly branched, procyanidin oligomers represented by the 
following structure. 
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Other compounds that can be produced include procya- 
nidin oligomers comprised of (8* — *8), (6* — *8)> and 
(6« — *6), linkages, where representative structures are 
shown below, 

Procyanidin oligomer with (£« — *8) linkage 




Procyanidin oligomer with (6* — linkage 



OH 



Procyanidin oligomer with (8< — >6) linkage 



10 
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The sLeps outlined above under the Blocking Groups 
Section, can be extended to produce procyanidin oligomers 
comprising (6< — >6), (6* — >8), (8* — ->8) interflavan link- 



ages. These compounds can be obtained from 8-bromo- or 
6-brorno-monorner intermediates. Coupling of these com- 
pounds with arylboronic or arylstannanes obtained from the 
same halogenaied intermediates by Suzuki coupling or by 
Slille reactions leads to the desired oHgomedc linkages 
(Suzuki, A., Pure Appl Chem. 57, 11749-11758 (1985), 
Slille, J. K., Agnew } Chem. internal Ed. EngL, 25, 508-524 
(1986)). 

Uses of the Procyanidin Oligomers 

The oligomers have the same uses, and can be formulated, 
purified and administered in the same manner as described 
in U.S. Pat. No. 5,554,645 issued Sep. 10, 1996 to Romanc- 
zyk et al. and U.S. Pat. No. 5,71.2,305 issued Jan. 27, 1998 
to Romanczyk et al. Such uses include the use as antine- 
oplastic agents, anti-cancer agents, anti-tumor agents, 
antioxidants, DNA topoisomerase inhibitors, cyclo- 
oxygenase and lipoxygenase modulators, nitric oxide or 
nitric oxide synthase modulators, non-steriodal antinflam- 
matory agents, apoptosis modulators, platelet aggregation 
20 modulators, blood or in vivo modulators^ antimicrobials, and 
inhibitors of oxidative DNA damage, 

EXAMPLES 

In the following examples, (+)-catechin and (-)- 
epicatechin are exemplary procyanidin monomers used Lo 
demonstrate the methods of the invention and no limitation 
of the invention is implied. These monomers may be 
obtained from commercial sources or isolated and purified 
from natural sources such as from the seeds of Theohroma 
cacae^ related species, the genus Herrania and their inter- 
and intra-genetie crosses. Unless specified otherwise, the 
purity of compounds prepared in the Examples were 31 85% 
or better. 

Example 1 

Preparation of Xetra-0-benzyi*(^)-catechin 

To a solution of (+)-catechin (580 mg, 2 mmoj) in DMA 
(15 mL), benzyl bromide (960/*L s 4 eq) and K^C0 3 (1.7 gra, 
6 eq) were added and the mixture stirred at r.t. under argon 
for 48 hours. The mixture was then partitioned between 
ethyl acetate and water (50 mL each). Ine organic layer was 
washed with water (3x50 mL), then 50 mL saturated NaCl. 
Removal of the solvent gave a viscous residue from which 
the title compound was isolated by crystallization from 50 
mL methylene chloride: methanol (9:1; v/v) to provide 880 
mg of off-white crystals at a yield of 68%. l H NMR (CDCy 
6^ 7.44-7.24 (20H, m, Ar — H), 7.0 (1H, s, H-2% 6.94 (2H, 
s, H-5 ! , H-6'), 6.25, 6.19 (2xlH, 2xd, J=2.0 Hz, H-6, H-8), 
5.16 (4H, s, CK.Ph), 5.0, 4.97 (2x211, 2xs, CH 2 Ph), 4.61 
(1H, d, J-8.2 Hz, tv2), 3.98 (UL m, M-3), 3.10 (III, dd, 
J=16.5 Hz, H-4a), 2.63 (1H, dd, J-8.9, 16.5 Hz, H-4p). 

Example 2 

Preparation of Te tra -O- be nzyl-(-) -epicatechin 

The title compound was prepared in an identical manner 
to that set forth in Example 1 except that (-)-epicatechin was 
used in place of (*)*catcchlti to provide 893 mg of off- white 
crystals at a yield of 69%. 5 II NMR (CDC1 3 ) 6„ 7.43-7.30 
(20H, m, Ar— H) 7.13 (III, s, H-2'), 6.96 (2H, s, H-5', H-6). 
6.26 (2H, m, H-6, H-8), 5.18, 5.16 (2x211, s, CH 2 Ph), 5.01, 
4.99 (2x211, 2xs, CILPh), 4.90 (1H, s, H-2), 4.19 (1H, bm, 
H-3), 2.45 (2H, m, H-4), 1.64 (1H, d, J*3,8 Hz, OH), 

Example 3 

Preparation of Pentaacetyl (~)-epicatechin 

500 mg (-)-epicatechin (1.6 mmole) was dissolved in 5 
mL cold (0° C.) dry pyridine. 2 mL of acetic auhydride was 
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added, the solution stirred for 18 hours under an argon 
atmosphere, The solution was then partitioned between 50 
ml, ethyl acelate:50 mL IN HC1 and the organic layer 
washed 3x50 mL with IN HQ, followed by 50 mL water 
and 50 ml., saturated NaCL The washed organic layer was 
dried over MgS0 4 , filtered and dried to obtain a viscous oil 
which solidified upon addition o£ 100 mL hexane to provide 
720 mg of product at a vield of 90%, J H NMR (CDCy b H 
736(1 H, d, J-2 Hz, U-2% 7.27 (HI, dd, J.2.0, 8.4 Hz, M-6 T ), 
7.20 (IB, d, J-S.4 Hz, H-5% 6,67 (IH, d, J-23 Hz, H-6, or 
H-S), 6.56 (1H, d, J=2.3 Hz, H-S or H-6), 538 (III, m, H-3), 
5,11 (111, bs, H-2), 2 + 98 (1H, dd, 1=4.4, 17.8 Hz, H-4), 2.87 
(IH, dd, J=2, 17.8 Hz. H-4), 2<299, 2.297, 2.295 ? 2,282, 
1.920 (5x3H, 5xs, 5xCGCH 3 ). 

Example 4 

Preparation of Penlaacetyl (+)- care chin 

The tide compound was prepared in an identical manner 
to that set forth in Example 3 except that (+)-catechin was 
used in place of (-)-epicatechin to provide 720 mg at a vield 
of 90%. J H NMR (CDC1 3 ) b„ 7.16 (1H, d, J =2 Hz, H-2 ! ), 
736 (111, dd 7 J-2.0, 8.4 Hz, H-6), 7.19 (HI, d, J-S.4 Hz, 
H-5% 6.66 (lH,d, J-23 Hz, IL6, or H-8), 6.59 (1H, d, J-23 
Hz, H-8 or H-6), 5.25. (1H, m, H-3), 5.15 (1H, d, J-6.1 Hz 
H~2), 2.87 (1H, dd, J-5.1, 16.8 Hz, H-4), 2.63 (1H, dd, 
J-6.4, 16.8 Hz, H-4), 2.290, 2.286, 2,279, 2,051, 2.006 
(5x311 5xs, 5xCOCH 3 ). 



with hexane:ethyl acetate (7;3,v/v), The elute was evapo- 
rated to produce 210 mg, 66% of the title compound. J H 
NMR (CDCl^ 7,44-7.28 (2011, m, Ar — H), 7.08 (1H, s, 
H-2% 7.01, 6.95 (2H, ABq, J-83 Hz, H-5* t 1L6'), 6.41 (iH, 
d, J-3.6 Hz, H-4), 633, 6.15 (2xlH, 2xd, J-2.1 Hz, H-6, 
H-8), 5.1.6 (411, s, CfLPh), 5.05, 4.97 (2x211, 2xs, CH 2 Ph), 
4.83 (IB, d, J-I0.3 Hz, H-2), 4.13 (IH, dd, J-3.6, 10.3 Hz, 
H-3), 233 (IH, bs, OH), 2.07 (3H, s, COCH-). 

Example 7 

Preparation of 4p-Aceloxy tetra-0 -benzyl -(-)- 
epicatechin 

The dUe compound was prepared in an identical manner 
to that set forth in Example 6 except that 1.01 gm of 
te tra- O -be nzyl-(-) -epicatechin (1.55 mmol) was used in 
place of tetra-0-benzyL(V)~catechin to provide 62 mg, 59% 
product. 1 H NMR (CDC1 3 ) 6 /y 7.44-7.24 (2011, m, Ar— H), 
7.12 (1H, s, H-2 ! ), 6.98, 6.95 (2H, ABq, J-83 Hz, H-5\ 
H-6*), 6.25 (2H, s, H-6, H-8), 5,16 (4H, s, CH 2 Ph), 6,10, 
(IH, d, J~2.5 Hz, H-4), 5.17, 5.16, 5.03 (4x211, 4xs CILPh), 
4.97 (IH, s , H3), 3.95 (1H, m, H-3), 2.0 (311, s 3 COCH 3 ). 
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Example 5 

Preparation of Teira-O-p-methoxybenzylO-aeetyL 
(-)-epicatechm 
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To a mixture of pentaacetyl (-)- epicatechin (50 mg, 03 
mmol), p-methoxybenzyl chloride (69 mg, 4.4 eq), 60% 
Nail is mineral oil (10 mg, 4eq) and DMF (5 mL), water (20 
fxh, 4 eq) was added at 0° C. dropwise over a period of 5 
minutes. After stirring under argon for 12 hours at r.t., the 
reaction mixture was diluted with ethyl acetate (30 mL) and 4D 
washed with water (50 mL) and 30 mL saturated NaCL The 
organic layer was dried over MgS0 4 and the solvent evapo- 
rated to obtain a pale yellow oil from which the title 
compound was isolated by silica gel chromatography as a 
white solid, crystallized from hexane:melhyierie chloride 45 
(1:1, v/v); yield (50 mg, 70%). *H NMR (CDC1 3 ) b H 
735~7.29(9H, m, Ar™-H), 6.92™6.85 (10H, m, Ar — H), 636 
(2H, bs, H-6, H-S)), 538 (111, m, H-3), 5.06-6.85 (811, m, 
4xCH 2 ), 4.92 (IH, s, H-2), 3.80 (12H, overlapping singlets, 
4xOCH 5 ), 2.93 (2H, m, H-4), L85 (311, s, OCOCH 3 ). 



Example 8 

Preparation of 4|3 -Hydroxy! tetra™0-benzyl-(+)- 
catechin 

To a solution of 4-aceloxy tetra"ObenzyL(4-)-catechra 
(692 rag, 1 mmol) in THE (9 mL) and methanol (1 mL), 
powdered KOH (1 68 mg, 3 eq) was added, and the solution 
stirred at r.t. for 2 hours, Saturated NH 4 C1. (25 mL) was 
added and the solution extracted 2x25 mLwith ethyl acetate. 
The organic layer was dried over Na 2 S0 4 and the solvent 
35 evaporated to provide an off-while solid (650 mg, 
quantitative). J H NMR (CDC1 3 ) & H 7.45-7.28 (20H, m, 
Ar— H), 7,08 (111, s, H-2'), 6.99, 6.95 (211, ABq, J-83 Hz, 
H-5 ! , H-6 T ), 6.26, 6.15 (2xlH,2xd f J*21 Hz, H-6, H-S), 5.16 
(4H, s, CH 2 Ph), 5.06 (3H, m, H-4, CH 2 Ph), 4.97 (2H t s, 
CII 2 Ph), 4.85 (lH*d, J-9.9 Hz, H-2), 3.95(1 H, m, H3), 2.75 
(IH, bs, CM), 2.55 (IH, bs, OH). 



Example 9 



Example 6 

Preparation of 4[3-Acetoxy te Ira- 0 -benzyl -(+)- 
catechin 

Tetra-0-benzyl-(+)~catecfuf} (300 mg, 0.46 mmole) and 
lead tetraacetate (304 mg, 1.5 eq) were combined in a round 
bottom flask and dried under vacuum for 30 min. Argon was 
introduced, followed by addition of benzene and glacial 
acetic acid (5 mi each). The initial yellow color faded on 
addition of acetic acid The solution was stirred for 24 hours 
at r.t. and transferred to a separatory funnel. The mixture was 
washed with cold IN NaOH (4x50 mL), followed by water 
(50 mL) and finally with saturated NaCl (50 mL). The 
organic layer was dried over Na 2 S0 4 followed by removal 
of solvent to produce a brownish residue from which silica 
gel chromatography furnished the title compound by elution 



Preparation of 4|i-Hydxoxyl tetra-O-benzyl-(-)- 
epicatechin 

The tiiJe compound was prepared in an identical manner 
sel forth in Example 8, except that 4p-acetoxy teira-O- 
benzyL(-)-epieatechin was used in place of 4fLaeeioxy 
50 tetra-0-benzyb(*)~catechin to provide 287 mg, 86% prod- 
uct. *H NMR (CDCyfljy 7.45-7.31 (20H, m, Ar— H), 7.16 
(IH, s, H-2'), 6.99, 6.95 (2H, ABq, J=8.3 Hz, IL5«, H-6*), 
6.29, 6.27 (2x11, 2xd, J-2,1 Hz, H-6, H-8), 5.18(411, s, 
CILPh), 5.18 (4H, s, CH 2 Ph), 5.07 (3H, m, H*4» CH 2 Ph), 
55 5.01 (2H, s, CH 2 Ph), 4.92(1H, s, H-2), 3.98 (IH, dd, 1*2.5, 
5,7 Hz, H-3), 2.43 (IH, d, J-2.4 Hz, OH), 1.58 (Hi, d, J=5.7 
Hz, OH. 

Example 10 

Preparation of 4p-Methoxy tetra-0-benzyl-(+)- 
catechin 

To a solution of 4-acetoxy tetra-0-benzyl*(+)™catechin 
(70 mg, 0.1 mmol) in methylene chloride (5 mL) and 
methanol (1 mL), Li Br (87 mg, 10 eq) was added and the 
solution refluxed for 4 hours. Ilie mixture was then parti- 
tioned between methylene chloride and water (25 mLeach). 
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The organic layer was dried over Na^SO^ filtered and the 
solvent evaporated. The residue was subjected to silica gel 
chromatography to produce 54 mg, 80% of the title com- 
pound as pale vellow oil l H NMR (CDC!-) b H 7,42-7.27 
(20H, m, Ar— H), 7.0? (IH, d, J-1.6 Hz, H-2% 6.96 (2H, m, 
H-5', H-6 f ), 6.26 (IH, d, J-2.2 Hz, H-6 or H-8), 6.15 (HI, d, 
J-2.2 Hz, H-8, H-6) 5.15 (411, s, CH,Ph), 5.02 (2H, ABq, 
J-7.8 Hz, CH 2 Ph), 4.97 (2H, s. CH,Ph), 4.92 (1H, d, M0.4 
Hz, H-2), 4.72 (IH, d, J=3.5 Hz, H-4), 3.85 (111, dt, J-3.5, 
92 Hz, H-3), 3.47 (3H, s, OCH 3 ). 

Example 11 

Preparation of Tetra-0-henzyl-(+)-catechin- 
(4a — *$)-(-) - ep ica te eh in 

4$-Acetoy tetra*04?enzyl-{+)-catecbin (Example 6) (140 
mg, 0.2 mmoi), (~)-epicatechio (290 sug, 5 eq) and LiBr (87 
mg, 5 eq) were dissolved in a mixture of THFaod methylene 
chloride (5 mL each) and the solution re fluxed for 24 hours 
after which the solution was partitioned between ethyl 
acetate and water (40 mL each). The organic layer was dried 
over Na 2 SO,, followed by evaporation of the solvent. The 
residue was resuspended hi ethyl acetate and filtered to 
remove most of the (~)»epicatechm. The filtrate was evapo- 
rated and subjected to silica gel chromatography where 
methylene chloride :ethyl acetate (1:1, v/v) elute furnished 
116 mg, 62% dimer as an off™ white powder For the NMR 
spectrum the Ms comprising the upper monomer of the 
dimer are designated A and the Hs comprising the lower 
monomer of the dimer are designated B. I H NMR. 
<CDa 3 :d 4 -mel.hanol, 9:1) b„ 7.36-7.23 (20H, m r Ar— H), 
7.02-6.74 (5H, m, A-5', A-6 ! , A-2 ! , B-2', B-5'), 6.35 (lH t dd, 
J=1.7, 82 Hz, B-6% 6.18-6.16 (2H, ABq, J-2.2 Hz, A-6, 
A-8), 5.86(lH t s, B-6), 5.12 (5H t m, CH 2 Ph, B-2), 4.90 (2H, 
s, CH.Ph), 4.71 (ill, d, 1-8.2 Hz, A^2), 4,59 (IH, d, J-10 
Hz, CH 2 Ph), 4.47 (1H, d, J-I0 Hz, CH 2 Ph), 4.29 (IH, dd, 35 
j-8.3, 83 Hz, A-4), 3.80 (IH, m, H-3), 2.71 (IH, d, J-16.6 
Hz, B-4), 2.53 (IH, dd, J-4.4, 16,6 Hz, B~4); 15 C NMR 
6156.5, 156.0, 154.6, 154,0, 152.5, 15L6, 151.4, 151.2, 
150.6, 147.0, 146.7, 141.7, 141.6, 141.5, 139.8, 134,8, 
134.4, 134.2, 133.9, 129.3, 128.7, 126.2, 126.1, 126.0, 40 
125.8, 125.5, 125.4, 125.2, 125.1, 125.0, 124.9, 119.8, 
115.0, 112.6, 111.2, 106.1, 104,5, 96.5, 94.9, 93.0, 92 + 8, 
79.9, 70.5, 69.1, 69.0, 67.8, 67.7, 63.9, 35.0, 25.5; IR (KBr, 
cm- 1 ) 3418, 3057, 3034, 2918, 1609, 1510, 1446, 1371, 
1260, 1202, 1097, 806, 731, 696; MS (FAB, m/z) 939,6 
(M+H)% 649.1, 607.0, 559.0, 459.S. 

Example 12 

Preparation of (+>Catecbin (4a^8)-(~)-epicatechin 
Tetra-0-benzyI-(+)-catechm"(4a— >8)-(-)-epicaiechin 
prepared in Example 11 (50 mg) was dissolved in methanol 
(10 mL) and degassed by blowing argon for 10 min. 30% 
Paiiadium-charcoal (30 mg) was added and hydrogenolysis 
conducted at 45 psi for 3 hours. The solution was filtered 
through Celite which was washed with methanol. The com- 
bined filtrate and washings were evaporated and the residue 
was dissolved in water, then lyophilized to provide a quan- 
titative yield of &e dimer as an off-white solid For the NMR 
spectrum the Hs comprising the upper monomer of the 
dimer are designated A and the Hs comprising the lower 
monomer of the dimer are designated B. i H NMR 
(CDCl 3 :d 4 -mcthanoL 9:1) b zl 721 (IH, bs, A-2% 7,04 (IH, 
bs, B~2 T ), 6.95-6.75 (211, m, A-5\ B~5% 6.92 (111, m, A-6 ! ), 
6.45 (IH, m, B-6% 6.20 (HI, m, B-6), 6.05 (IH, m, B-6), 
5.89 (2H, m, A-6, A*8), 4 + 98 (IH, m, B-2,), 4,85 (IH, m, 
B-2), 4.42-4.25 (3H, m, A-4, A-3, A-2), 3.05-2.62 (211, m, 
B-4). 



FIG, lb is a 
(+)-catechin-(4a- 
insert FIG. lb. 
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Example 13 

representative HPLC separation of the 
-*8)-(-)-epicatechin prepared above'* and 



Preparation of 3-Acetyi-tetra-0-benzy|-(+)-catechin- 
(4a~^8)-pentaacetyl-(-)~epicatechm 

Tetra- Ob enzy L(+)-cateehm~(4a~*8) -epicatechin pre- 
10 pared in Example 11 was acetyls ted with acetic anhydride in 
pyridine. 120 nig of tetra O - ben zyl-(+)-cate chin ( kv-*8V 
(-)-epicatechin was dissolved in 2 mL of dry pyridine and 
500 jiiL of acetic anhydride added. The reaction mixture was 
stirred under argon for 18 hours at r.t. The mixture was 
15 partitioned between ethyl acetate arid IN HCl (25 mL each). 
The organic layer was washed with 25 mL water, followed 
by 25 mL 5% sodium bicarbonate, followed by 25 mL 
saturated NaC! and the organic phase dried over Na 2 SO^. 
The product was purified by chromatography to provide 140 
20 mg of the title compound at a yield of 91%, For the NMR 
spectrum the Hs comprising the upper monomer of the 
dimer are designated A and the Hs comprising the lower 
monomer of the dimer are designated B. J H NMR (CDC1 3 : 
d.-methanol, 9:1) o„ 7.40-7.29 (201 1, m, Ar— H). 7.19-7.13 
25 (5H, m, A-2", A-6', B~2\ B~5 ! , B-6 f ), 6.92 (IH, d t J=8.3 Hz, 
A-5% 6.52 (IH, s, B-6), 6.21, 6.18 (2xlH, 2xd, J-2.3 Hz, 
A-6, A-8), 5.67 (If I, t, JU9.6, Hz, H-3), 5.14 (311, s, CH 2 Ph, 
B~3), 5.0 (2H, s, CH 2 Ph,), 4.98 (2H, s, CH.Ph,) 4.84 (IH, d, 
J-9.X Hz, A-3), 4.75 (IH, d, J-10.1 Hz, A-2), 4.58, 4,41 (2H, 
ABq, J=9.2 Hz, CHJPh), 2.64 (2H, m, B4), 2.29 (6H, s, 
COCHa), 2.26 (3H, s, COCH 3 ), 2.26 (3H, s, COCH 3 ) 1.76 
(3H, s, COCH 3 ), 1.74 (3H, s, COCH 3 ), 1.64 (3H, s, 



C0CH 3 ); 13 C NMR 169.6, 

1562, 153.2, 149.2, 148.7, 

137.0, 136.8, 136.5, 136.2, 

127.7, 127.6, 127.3, 127.1, 



168.2, 168.0, .167.5, 158.0, 

147.1, 146.2, 142.5, 142.0, 

130.0, 129.8, 128.3, 128.2, 

122.8, 121.6, 121,4, 1.14.9, 
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114.8, 110.2, 108.4, 106.0, 95.0, 94.6, 80.0, 75.5, 73.4, 71.4, 
71.0, 70.5, 69.7, 66.5, 35.0, 26.2, 20.6, 20.5, 20.4, 20.3, 
20.0; MS (FAB, m/z) 1192 (M+H) + , 1131, 1039, 949, 841, 
691. 

Example 14 

Preparation of 3-Acetyl-(-s-)-catechin (4a-*8)- 
pent a acet y I -( -) -ep ic atech in 

3-AcetyLtetra-0-benzyl-(+)-calechin (4a-*8)- 
pentaacetyi-(-)-epicatechin prepared in Example 13 was 
dissolved in degassed ethyl ace tale -methanol (3 mL each) 
and hydrogenated with 30% palladium -charcoal at 45 psi for 
4 hours. The solution was tillered through Celite and the 
solvent evaporated lo provide a quantitative yield of the 
dimer as a pale yellow solid. For the NMR spectrum the Hs 
comprising the upper monomer of the dimer are designated 
A and the Hs comprising the lower monomer of the dimer 
are designated B. *H NMR (CDCI 3 : d 4 -methanoi, 9:1) b ff 
747, 6.98 (2xlH, bs, B-2% 7.36, 6.98 (2xlH, 2xd, J-8.4, 
B-6 1 ), 7.24, 7.16 (2H, 2xd, J*8.4 Hz, B-5% 6.89, 6.60 
(2x111, 2xbs, A-2 ! ), 6.83 7 6.79 (2xlH, ABq, J=8.4 Hz, A^5 ! , 
A^6% 6.66 (IH, d, J-8.4 Hz, A-5% 6.47 (IH, d, J=8.4 Hz, 
A-6% 6.51, 6.45 (2xlH, 2xs, B-6), 5.97, 5.84 (2xlH, 2xd, 
J«2 Hz, A^6, A-8), 5.96 (2H, s, A-6, A-8), 5.71 (2H, m, A-3), 
5.50, 5.17 (2xlH, 2xbs, B-3), 5.28 (2xlH, 2xs, B-2), 5.0, 
4.54 (2x111, 2xd, J«8.9, 9.4 Hz, A-2), 4.74,4.61 (2x111, 2xd, 
J-9.9 Hz, A^4), 3.2, 2,74 (2x2H, 2xm, B4), 2.32, 2,29, 2.28, 
2.26, 2.Z3, 2.01, 1.80, 1.77, 1.63 (s, COCH 3 ); 13 C NMR 
172.5, 172.0, 171.8, 171.5, 170.3, 170.2, 170.1, 170.0, 
169,8, 169.2, 157.2, 157.1, 156.8, 154,8, 154.0, 149.2, 
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147.5, 146.0, 145.9, 145.6, 145.0, 143.0, 142.8, 137.5, 
137.0 7 129.8, 125.8, 1.24.9, 124.0, 123.0, 122.6, 121.8, 
120.8, 120.2, 119.8, 11.5.9, 115.6, 115.5, 1.15,1, 110.8, 110.9, 
109.5, 109.4, 105.0, 104.2, 98.0, 97.5, 96.8, 96.0, 81.0, 80.2, 
79.0,78.8,78.6,78,0,75.0,72.2, 68.1,68.0, 37.5,36.0, 26.5, 
26,0, 20.7. 

Example 15 

Preparation of Tetra-0-benzyl-(-)-epicateehin-(4f3~*8)- 
(-)-epieatechiri 

4|3~Aeeloxy tetra»04>enzyK-)»epicatechin prepared by 
Example 7 (70 mg. 0.1 mmoi), (-)-epic ate chin (145 mg, 5 
eq) and LiBr (44 mg, 5 eq) were dissolved in a mixture of 
THF and methylene chloride (3 mL each) and the solution 
refluxed for 24 hours under argon. The solution was parti- 
tioned between ethyl acetate and water (25 mLeach) and the 
organic layer dried over Na 2 S0 4 . The solvent was evapo- 
rated and the residue resuspended in 25 mL ethyl acetate 
followed by filtration to remove most of the unreacted 
(-)-epieatechin. The filtrate was evaporated to a residue and 
the title compound isolated from silica gel chromatography 
by methylene chloride: ethyl acetate (1:1, v/v) elution. 
Evaporation of the eluate provided 56 mg (60%) of an 
oil-while powder. NMR (CDCl 3 ;d 4 -methanol, 9:1) b n 
[No, assignment] 7.35^7.14 (20H, m), 6.92 (1H» bs), 6.82 
(1H, s), 6.29 (1H, s) 6.18 (1H, s), 5.85 (ill, s), 5.01 (4FI, s), 
4.94 (2H, s), 4.93 (2H, s), 4.38 (1H, s), 3.93 (1H, s), 2.85 
(2H, s). 

Example 16 

Preparation of (-)-Epicatechm-(41p™*8)-(~)- 
epicatechin 

Tetra-0-benzyi-(-)-epicatechin-(4p-*8)-(-)-epicatechin 
prepared in Example 15 (40 mg, 0.043 mmoi) was dissolved 
in 8 mL methanol and degassed by blowing argon for 10 
mm. To Ihe solution, 25 mg of 30% palladium -charcoal was 
added and the mixture hydrogenolyzed at 45 psi for 3 hours. 
The solution was nltered through Celite followed by wash- 
ing with 25 m.L methanol, The combined filtrate and wash- 
ing w r ere evaporated and the residue dissolved in water. 
Lyophilization provided 23 mg of an off-white powder. 
HPLC analysis revealed ihe presence of 18% monomer, 
45% dimer, 25% trimer and 8% tetramer. 

Example 17 

Preparation of Tetra-0-benzyI~(+)-catechin- 
(4a-*8)-(+)-catechm 

4|3-Acetoxy tetra-0-benzyl-(-f)-catechin prepared by 
Example 6 (70 mg. 0.1 mmoi), (+)-catechin (145 mg, 5 eq) 
and LiBr (44 mg, 5 eq) were dissolved in a mixture of THF 
and methylene chloride (3 mL each) and the solution 
refluxed for 24 honrs under argon. The solution was parti- 
tioned between ethyl acetate and water (25 mLeach) and the 
organic phase dried over Na 2 S0 4 . Following evaporation, 
the residue was resuspended in ethyl acetate (25 mL) and 
filtered to remove most of the unreacted (+)-catechin. After 
evaporation, the residue was subjected to silica gel chroma- 
tography where elution with methylene chloride:ethyl 
acelate (1:1, v/v) provided an oi>white powder (81 mg, 
68%) after evaporation. 3 H NMR (CDCl 3 :d 4 -methanoi, 9:1) 
S„ 7.39-7,06 (20H, m), 6.84-6.68 (5H~ m), 6.47 (1H, d, 
Hz), 6.32-5.98 (4H, m), 5.00-433 (liH, m), 3.58 
(1H, m), 2.98 (1H, m), 2.35 (1H, m); IR (KBr, cm" 3 ) 3441, 
3057, 3034, 29.18, 1609, 1542, 1.510, 1371, 1266, 1097, 812, 
737, 696; MS (APC1, m/z) 938 (M-H), 920, 848, 816, 696, 
607, 558. 
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Example 18 

Preparation of 3"Acetyl4etra~0-benzyL(+)-catechin- 
(4a~*8)-3 -acetyl tetra 0-beozyl-(-)-epicaiechin 

5 3-AcetyI tetf a-0-benzyi-(+)-catechin (4a™>8)- 
pentaacetyl-(-)-epicatechin prepared by Example 13 (119 
mg, 0.1 mmoi) was added to dry DMF (4 mL) at 0° C, 
followed by NaH (29 mg, 4.2 eq), followed by benzyl 
bromide (54 /<L, 4.5 eq). Water (8 ,«L, 4 eq) was added 
slowly over 2 minutes and the mixture was stirred for 24 
hours at rX 'llie solution was partitioned between ethyl 
acetate and water (25 mL each) and the organic phase was 
dried over MgS0 4 . Following evaporation, the residue was 

^ subjected to silica gel chromatography where elution with 
20% ethyl acetate in hexane provided 105 mg (90%) of the 
title compound after evaporation. For the NMR spectrum the 
Hs comprising the upper monomer of the dimer are desig- 
nated A and the Hs comprising the lower monomer of the 
dimer are designated B. 3 H NMR (CDC1 3 d 4 -melhanol, 9:1) 

20 b„ 7.45-7.24 (40H, m, Ar— H), 6.90-6.78 (6H, m, A-2 f , 
A-S\ A-6', B-2', B-5', B-6 + ), 6,22 (2H, m, A~6, A~8), 6.21 
(1H, s, B-6), 5.92 (1H, m, A-3), 5.21-4.40 (20H, complex, 
CILPh, A^2, A*4, B-2, B-3), 2.70 (2H, m, B-4), 1.67 (6H, s, 

25 CHjPb), COCH 3 ). 

Example 19 

Preparation of Tetra-0-benzyl"(^)-catechin- 
(4a^8)-(+)-tetra-0-benzyI-(-)-epicalechin 

30 

To a solution of 3-acetyl tetra-0-benzyl-(+)-catechm- 
(4a™*8)-3 acetyl tetra-0-benzyL(~)»epicatechin prepared in 
Example 18 (40 mg, 0.03 mmoi) in the THF (2 mL) and 
methanol (200 /jL), powdered KOH (5 mg, 3 eq) was added 

35 and the solution stirred at rX for 18 hours under argon. The 
reaction mixture was partitioned between ethyl acetate and 
saturated NH 4 €1 (25 mL each). The organic layer was dried 
over MgS0 4 and the solvent evaporated. The residue was 
then subjected to silica gel chromatography where elution 

4 Q with 20% ethyl acetate in methylene chloride provided the 
title compound (31 mg, 82,5%) as a colorless oil after 
evaporation of the solvent. For the NMR spectrum ihe Hs 
comprising the upper monomer of the dimer are designated 
A and the Hs comprising the lower monomer of the dimer 

4 5 are designaled B. M-I NMR (CDC1 3 d^-methanol, 9:1) 6 /7 
7,41-7.13 (40H, m» Ar — H), 6.97-6,79 (6H, complex, A-2\ 
A-5', A-6', B-2', B-5*, B-6'), 6.22 (!H, s, B-6), 6-20, 6,12 
(2x111, 2xd, .T-2.4 Hz, A-6, A-8), 5.18-4.51 (19H, CH 2 Ph, 
A~2, A~4, B~2), 4.28 (1H, m, A-3), 3.85 (1H, m, B-3), 2.95 

50 (IH, d, J-16 Hz, B4), 2.60 (1H, dd, J*5, 16 Hz, B-4). 

Example 20 

Preparation of Tetra-0-benzyl-(+) catechia- 
55 (4a-^8)-3-acetyl-(-*-)-caiechin-(4a-*8)-pentaacetyl 
(-)-epicatechin 

To a solution of 3-acetyl-(+)-ca£echm-(4a~>8)- 
pentaacetyl-(-)-epicatechin prepared by Example 14 (100 
mg, 0.068 mmoi) and 4p acetoxy tetra-0-benzyL(*)* 

60 catechin prepared by Example 6 (334 mg, 2 eq) in THF (7 
mL) and methylene chloride (7 mL), 161 mg of Lil was 
added. The solution was refluxed for 24 hours, followed by 
partition between ethyl acetate and water (25 mLeach). The 
organic phase was dried over Na 2 S0 4 , filtered and the 

65 solvent evaporated. The residue was subjected to silica gei 
chromatography where elution with ethyl acetate-meihylene 
chloride (1:1, v/v) provided a brownish white solid (100 mg, 
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28%) after the evaporation of the solvent. MS (FAB, m/z) 
1482 (M+H)', 1148, 1042, 962, 920, 650. 

Example 21 

Preparation of Tetra~04>enzyb(+)-eatechin- 
(4a-*8)-pentaaeetyl-(4-)-caiecoin-(4oL"~*8)~ 
peutaaeeiyl (™)-epicatechin 

Tetra~0~benzyl-(+) eatechin-(4a--*8)-3-acetyI-(4-)" 
catechin-(4a-*8)-pentaacetyl (-)-epicatechin prepared by 
Example 20 (300 mg ? 0.068 mmol) was stirred m dry 
pyridine (2 mL) and acetic anhydride (1 mL) under argon for 
24 hours. The solution was then partitioned between IN HQ 
and ethyl acetate (25 mL each), the organic layer was 
washed with 5% NaHC0 3f saturated NaCI and dried over 
MgSG,,. Evaporation of the solvent provided an oily residue 
which was subjected to silica gel chromatography where 
elution with 10% ethyl acetate in methylene chloride pro- 
vided a white powder (70 mg, 61%) after evaporation of the 
solvent 

Example 22 

Preparation of 3 Acetyl-(*)-cateehm-(4a-*&)- 
pentaacetyl-(+)-catechm-(4a~*S)-pentaaceiyl (-)- 
epicatechin 

Teira-0-berizyl-(+)-catechijn-(4a-*8)*pentaacety.l-(4-)- 
catechin-(4a™*S)-pentaacety] (-)-epicatechin prepared in 
Example 21 (50 mg) was dissolved in degassed ethyl 
acelaie-methanol (3 mL each) and hydrogeoolysed for 4 
hours in the presence of 30% palladium-charcoal (30 mg) ai 
45 psi. Removal of the catalyst via filtration through Celite 
and evaporation provided the title compound as a pale 
brown powder (35 mg, 91%). 

Example 23 



20 



Tetra-0-bepzyL(^)-catechin-(4a-*8)-3-acetyl-(+)- 
catechin-(4a^8)-pentaacetyl-(+)-catechith(4a-*8)- 

pentaacetyl (-)-epicatechin 40 

To a solution of 3-aeetyl-(+)»catechin-(4a-*8)- 
pentaaceiyl-{+)-catechin-(4a^8)-pentaaceiyl (-)- 
epicatechin prepared by Example 22 (30 mg, 0.0226 mmol) 
and 4|3-aceioxy !etra-0-benzyL(*)-cateehin prepared by 45 
Example 6 (31 mg, 2 eq) in THF and methylene chloride (2 
mL each), Lif (16 mg, 5 eq) was added and the solution 
reiluxed for 24 hours. The solution was partitioned between 
ethyl acetate and water (25 mL each) and the organic layer 
dried over MgSG 4 , filtered and the solvent evaporated. The 50 
residue was subjected to silica gel chromatography wbere 
elution with 10% methanol in methylene chloride provided 
a brownish-white solid (20 mg, 45%) after evaporation of 
the solvent. MS (FAB, m/z) 1978 (M+H) + , 1934 (M + - 
COCH3), 1571 (M + -COCH 3 , -3xCH,Ph), 1646, 1430, 55 
1373, 1330, 1269. 

Example 24 

Preparation of Tetra-0-benzy|-(+)-catechin- 
(4a^8)-(-)-epicatechin-(6-*4a)-tetra-0-benzyI' 
(+)-cafccmn 

To a solution of tetra-0 -benzyl -(+)-catechm~(4ct^8)-(-)- 
epicateehin prepared by Example 11 (69 mg, 0.074 mmol) 
and 4p-aeetoxy tet.ra-0-berizyK+)-eaiechm prepared by 65 
Example 6 (51 mg, 0,074 mmol) in methylene chloride and 
THF (5 mL each), LiBr (65 mg, 10 eq) was added and the 



mixture reiluxed for 24 hours. The solution was partitioned 
between ethyl acetate and water (25 mL each) and the 
organic layer dried over MgS0 4 . The solvent was evapo- 
rated and the residue subjected to silica gel chromatography 
where elution with ethyl acetate-methylene chloride (hi, 
v/v) provided a white powder (35 mg, 30%) after evapora- 
tion of the solvent MS (FAB, m/z) 1588 (M+H) f , 1255, 772, 
645, 607, 560. 

Example 25 

Preparation of 8-Bromo tetra-O-benzyl-(-)- 
epicatechin 

To a solution of telra-0~benzyl-(-)-epicatechm (Example 
2) (65 mg, 0.1 mmol) in methylene chloride (2 mL), 
N-bromosuccinimide (18 mg, OT mmol) was added and the 
solution stirred under argon for 10 mim The mixture was 
filtered through silica gel followed by elution with 20 mL 
ethyl acetate: methylene chloride (1:1, v/v). The combined 
filtrate and eluant were evaporated. The residue was sub- 
jected to silica gel chromatography where elution with 
methylene chloride provided the title compound as shiny 
pinkish-while crystals (66 mg, 90%) after evaporation of the 
solvent. X H NMR (CDCy o ;/ , 7.45-7.21 (21 II, m, Ar— H), 
7.01 (1H, dd, J-1.4 83 Hz, FL6), 6 + 96 (1H, d, J«8.3 Hz, 
H~5 ! ), 6.23 (2H, s, H-6), 5.38 (1H, m, H-3), 5.21, 5.18, 5.10, 
4.97 (4x211, 4xs, 4xCH,), 5,01 (1H, s, H-2), 4.3 (1H, m, 
H-3), 3.03 (1 H, dd, J*1.9, 17.4 Hz, H-4), 2.89 (1H, dd, J=4., 
17.4 Hz, H-4), 1.55 (IB, d, J-4,8 Hz, OH). 

Example 26 

Preparation of 8-Bromo penta-0-benzyL(~>epicatechin 
To a solution of pentabenzyl-(-)-epicatechin (55 mg, 
0.074 mmol) in methylene chloride (2 mL) at 0° C, 
N-bromosuccinamlde (14 mg, 1 eq) was added and the 
solution stirred at r.t. for 30 min. The solution was passed 
through a 25 mm dia. column of silica gel (7 gm) which was 
eluted with methylene chloride (30 mL). The combined 
fl Urate and eluant were evaporated to provide the title 
compound as a white foam (50 mg, 82 + 5%) after evaporation 
of the solvent. 'H NMR (CDCy 6 W 7.43-6.90 (28H, m, 
Ar—H), 6.21 (HI, s, 11-6), 5.17 (211, s, CHJ, 5.09 (5H, s, 
2xCH a> H~2), 4.96 (2H, s, CH 2 ), 4.37, 4.27 (2H, AB, J-12.6 
Hz, 3-OCH 2 ), 3,95 (1H, m, H-3), 2.94 (111, dd, J-3.6, 17.1 
Hz, H-4), 2.78 (1H, dd, J-4.4, 17.1 Hz, H-4). 

Example 27 

Preparation of 8-bromo 4p-acetoxy pentabenzyl- 
(-)-epicatechin 

To a mixture of S-bromo pentabenzyL(-)-epicatechin 
(Example 26) (59 mg, 0.072 mmol) and lead tetraacetate (AS 
mg, L5 eq) under argon, benzene (2 mL) was added, 
followed by 2 mL acetic acid, and the mixture stirred for 60 
hours at i.t. The solution was partitioned between ethyl 
acetate and water (50 mL each). The organic layer was 
washed with IN NaOH (2x50 mL), followed by water (50 
mL), saturated NaCI (50 mL), and was dried over Na 2 S0 4 . 
The solution was filtered and evaporated to provide an oily 
residue which was subjected to silica gel chromatography 
where elution with 20% ethyl acetate in hexane provided the 
title compound as a white foam (38 mg, 60%) after cvapo- 
radon. J H NMR (CDC1 3 ) o /f 7.46-6.85 (28H, m, Ar — H), 
6.25 (iH, s, H-6), 6.18 (111, d, J-2.3 Hz, H-4), 5.20, 5T3, 
5,02 (4x2H, 4xs, 4xCH 2 ), 4.99 (1H, s, H-2), 4.51, 4.33 (2H, 
AB, J-12.3) Hz, 3-OOy, 3.65 (111, m, H-3), 2.0 (211, s, 
OCOCH3). 
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Example 28 

Determination of Absolute Configuration 8~brorno 
tetra-0"beazyl~(-)-epicatechin 

Crystals of 8-bromo tetra~G-benzyl-(-)-epicatechin were 
mounted on glass fibers and placed in a cold N 2 stream at 
-44 c C. op a Siemens SMART CCD X-ray diilrac to meter, In 
general, the crystals diffracted poorly, with few or no high- 
angle reflections and with weak intensities overall. The first 
three crystals did not diffract well enough to measure the 
unit cell even at longer than usual exposure dmes. The fourth 
diffracted well enough to refine a unit cell using fifteen 
reflections. Data were collected on this crystal using fifty 
second exposures for over two thousand frames to approxi- 
mately cover the diffraction sphere using Mo radiation. 

The unit cell volume indicated two molecules in the unit 
cell Although one cell an^le was clearly 90° and one was 
clearly different from 90°"(92.6 <5 ), the third angle differed 
from 90° by 0.1 * which is a larger error than usual for a 
monochnic cell. However, examination of possible system- 
atic absences showed an apparent 2 a axis consistent with the 
monoclinic space group P2 2 appropriate for a chiral com- 
pound. Subsequent successful structure solution and reiine- 
ment in 92 1 supported that choice, The structure was solved 
by direct methods using the SHELX package (Sheldrick, G. 
M. SHELXJL Structure Determination Software Programs: 
Siemens Analytical X-ray Instruments Inc. Madison, Wis., 
1.990) of programs. Hydrogen atoms were placed in fixed, 
calculated positions. Phenyl rings in benzyl groups were 
refined isotropically as rigid groups. No corrections were 
made for absorption or extinction. The following table lists 
the crystal data. 

1ABLE 

Crystal Data and 
Structure Refinement for S-bromo te£j^-0-benzyK~>epicatechm 

Empirical Formula 
Formula Weight 
Tempo fas ure 
Wavelength 
Crystal System 
Space Group 
UnU Cell Dimensions 
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Example 29 

Preparation of (8*—-»8), (8<™ >6), and (6*—>G) 
Linked Procyanidin Oligomers 
I Tie steps described in this invention can be extended to 
provide procyanidin oligomers comprising (8*™* 8), 
(8* — *6), (6* — *6) interflavan linkages. These compounds 
are obtained from 6-bromo- and/or 8-bromo-(monomer) 
intermediates. Coupling of these brominated monomers with 
organotin derivatives by a Stille reaction in the presence of 
a palladium (c0 catalyst leads to the desired oligomeric link- 
age. (Stille, J. K., Agnew, Chem. Internal. Ed. Engl, 25, 
508-524 (1986)). 

For instance, 8«bromo pentahe»zyl-(-)-epicatechin pre- 
pared by Example 26 is reacted with hexaabuty} distannaoe 
to provide the alkyl stannane of pentabenzyl (-)-epicatechim 
Coupling of this stannaane with another 8-bromo pentaben- 
zyl (-)-epicatechin in the presence of tetrakis (triphenyl 
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30 



35 



Volume., x 
Density (calculated) 
Absorption coefficient 
F£G00) 
Crystal Size 

9 fftflige for data collection 
Limiting Indices 

Reflections collected 

independent reflections 

Completeness to 6 = 23,44" 

Absorption correction 

Rtiflntmem method 

Da ta/Kesti&bts/Pare meters 

Goodness of f\x oa F- 

R indices (all) 

Final K indices [1 > 2o (l j 

Absolute structure parameter 

targe&t difl pesfc and hole 



C 43 H„BrO fl 
729.64 
229f2)° K 
0.71073 A" 
Monolmic 
P2i 

<i ~ 15.9122(8) A D alpha - <){)* 
b - 4.8125(3) A" beta - 92.6390(10)* 
c - 22.4772(13) A° gamma - 9Q C 
1719,42(1?) A* 3 , 2 
1.409 Mg/m 3 
1,246 mm" -1 
756 

0.45 x 0.04 x 0.04 mm 
1.28 to 23.44" 

-17 £ h g 17, ~5 £ k £ 5, 

-24 £ ] £ 24 

13371 

4868 (R^* 0.2246) 

992% 

Norse 

Full matrix least squares on F 2 

486S/1/274 

1,091 

Rl - 0.22S3, wR2 - 0.4749 
Rl - 0.3515, wR2 - 0.3S75 
0.00(5) 

1.SS7 aTid -1 5 268 eA" 3 



phosphine) palladium (0) in benzene provides the 
decabenzyl-(-)-epicatechin dimer with an (8-*8) linkage. 
Deproteciing with H 2 /Pd provides the (-)»epicatechin- 
(8~^8)-(~>epicat C chin [ n f ree phenolic form. 

Similarly, procyanidin oligomers comprising (8« — >6) or 
(6«5 — >6) linkages can be synthesized using the appropriate 
6-bromo- or S-bro mo -(monomer) derivatives. Further, cou- 
pling of 8~bromo~ or 6-bromo-dimers, trimers and higher 
oligomers can provide "even" numbered procyanidin oligo- 
mers comprising (8* — >S) 3 (8* — *6), and (6* — >6) link- 
ages. 

Still further, coupling of blocked monomers used to 
prepare (4-*6) linked oligomers as described in the inven- 
tion can be used in the Stiile reaction to provide novel 
procyanidin oligomers comprising combinations of the 
(4-*6) and (4-*8) linked oligomers with (8* — 
{8* — *6), and (6* — *6) linkages. By way of example, the 
following structure illustrates and (8* — *8) and (4* — *H) 
linked procyanidin trimer. 
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Hie assignment of the correct absolute configuration was 
tested by calculation of the Flack 'r 1 parameter. This param- 
eter was indistinguishable from zero, indicating the correct 
configuration was assigned, A test refinement of the inverted 
configuration resulted in a Flack V parameter value of 65 
0.95(5) and a significant increase in the R factors, both 
indicating that the assignment was correct. 




What is claimed is: 

I. A process for preparing a procyanidin dimer, which 
process comprises the steps of: 

(a) protecting each phenolic hydroxyl group of a catechm 
monomer or an epicatechin monomer with a removable 
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protecting group which does not deactivate the A ring is lead tetraacetate, lead tetraformate, or lead terraproprio ri- 
ot the monomer; ate; and wherein the solvent used in the activating step is 

(b) optionally blocking the C-8 position of the monomer selected from the group consisting of benzene, toluene, 
of step (a) with a halo group; ehlorobenzene; cyclohexane, heptane, carbon tetrachloride, 

(c) activating the monomer of step (a) or step (b) by 5 and mixtures thereof with an organic acid, 
introducing an aeyloxy group ai the C-4 position using 7 . « llie pf0cess D f c i a i m 6, wherein the activating step is 
a lead (IV) salt of an organic acid; and cmkd out using lhe mixtures wilh the organic acid . 

(d) cafalytically coupling the monomer of step (c) with an 8 The process of daim 7j wherein me orgailic acid ^ ^ he 
unprotected catecmn monomer or an unprotected epi- w ^ as ^ add ^ for m ^ ^ ^ 
eateehm monomer. 9 

2. The process of claim 1, which further comprises the 9 ' Thc P rocess of claim & > wherein lhc or S anic acid is 
step of deprotecting the dimer and, if necessary, deblocking formiC acid - aCeUc acid > or propionic acid. 

the dimer. 10, The process of claim 1, wherein the blocking group is 

3. The process of claim 1, wherein the cpicatechin or 15 a halo group, 

catechin monomers are the same or different. ' 1L The process of claim 10, wherein the halo group is a 

4. The process of claim 1, wherein the linkage is (4-8) br0mo Qf m Mo 

when steps (a), (c), and (d) are carried out or (4^-6) when t ~ ™ r i • * 1 

steps (a) (b /(c , and (d) are carried out. . 12 ™ e P roees * of c ™ wherein the deblocking step 

5. The process of claim 1, wherein the protecting groups , n 1S camed om W1[h an alk >' ] httam ' 

are benzyl, p-methoxy benzyl, t-butyl, or trityl and wherein 13 ' 1116 process of claim 12, wherein the alfcyl lithium is 

the protecting step is carried out in an aprotic solvent which n -butyl lithium or tert-butyl lithium, 

is selected from the group consisting of dimethyl 14. The process of claim 2, wherein the deprotecting step 

formamide, dimethylaeetamide, and dimethyl sulfoxide. is carried out by hydrogenolysis. 

6. The process of claim 1, wherein the activating group is 

acetoxy, formyloxy, or propionyloxy; wherein the lead salt * * * * * 



